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Identify the.changes in the CVCS that occur

- 5. 0 CHEMICAL AND VOLUME - 8.
’ CONT ROL SYSTEM = ~ . upon _ the -receipt. of an engineered safety
. 'features signal (ESF) Cee T
"Leqming Objectives% RN
T o 9. Explain how the CVCS is desxgned to prevent
1. List'the purposes of the chemical and volume - * "the following: .o
T control system (CVCS) : : . T .
a. Flashing and- pressure transients -in the
. List in flow path order and state ‘the purpose of -~ '~ -Tegenerative and letdown heat ’
"'the followmg ma_]or components of the CVCS C exchangers. ’
o b. High temperature in the Ietdown ion
a. Regeneranve heat exchanger exchangers
b Letdown flow control valves S : .
“ e Letdown heat exchanger 10. List the automatic actions initiated by VCT
*"d: Letdown back pressure regulator level instrumentation. :
- e. ‘Letdown filter '~~~ i B L
. f *Ton exchangers ) N | Introductlon -
~ g.” Volume control tank (VCT) o . -
" h.” Charging'pump The CVCS performs the followmg funcuons
3. Identify the components in the CVCS that are- 1. Punﬁcatxon Of the RCS
used to punfy the reactor coolant and the types - PR
of contaminants each is designed to remove. © “--2. Control of RCS boron concentratlon, :
Describe how the makeup system is used to  3..” Control Of'RCS volume (pressunzer‘ level),
borate, ‘dilute, and ‘makeup a blended ‘flow of : O I
" boric acid to the reactor coolant system (RCS). 4. The addition of corrosion inhibiting
Yo : chemicals to the RCS,
' Exp]am why and for what p]ant conditions the 5. Collectlon of RCP controlled bleed off,
following chemicals are added to the RCS: e
.6. Adds boron . to the RCS in- the event - of an
a. “Lithium hydroxide .accident; © - - - .o
b .Hydrogen ° ' . SO A S
c. Hydrazme - 7. Supplies pressurizer auxiliary spray, - -i
6. Describe the emergency bbrhtioh:'ﬂOWpath, < 8. -Provides continuous on:line measurement of
* ~ RCS -boron ‘concentration and:RCS activity
) and 1dent1fy the plant condmons which wouldr = and * . - non e R
‘ requ1re1tsuse g oo et o -
’ - . -9, -Provides a means of testing the high pressure
7. List the plant operations that result in large - . . safety injection (HPSI) check valves.
amounts ‘of in ~fluent’ into the boron ' ’ ~ S
'management system. T i
’ 'USNRC Techmca] Training Center 5-1 - Rev 1200
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The CVCS is a major system which is in
service during most modes of operation. The
CVCS (Figure 5-1) starts at the suction of 12A
reactor coolant pump (RCP) where coolant is
letdown at a flow rate (29 to 128 gpm) dependent
upon pressurizer level. The coolant is cooled and
depressurized and routed through the purification
components. Then the coolant is collected in the
VCT. From the VCT, the coolant is pumped back
into the RCS by the three (3) 44 gpm capacity
charging pumps.

5.2 Letdown (Figure 5-2)

In order to accomplish the functions of RCS
purification, pressurizer level control, and the
control of boron concentration, coolant must be
letdown from the RCS. Purification is accom-
plished by passing the letdown stream through ion
exchangers that require low temperature for
proper operation; therefore, heat exchangers are
installed in the letdown line to reduce the letdown
water’s temperature. These basic requirements
form the design basis for many of the components
in the letdown. In the following sections, the
letdown subsection will be discussed.

5.2.1 Letdown Isolation Valves

The letdown subsystem starts with a connec-
tion located on the suction of a RCP and is routed
to the regenerative heat exchanger. Two (2) series
air operated valves are installed in this line and
provide manual or automatic isolation of the
letdown line.

The first of these valves, the letdown stop
valve (CV-515), is automatically closed by high
regenerative outlet temperature (470°F) or ESF
signals. A high regenerative heat exchanger outlet
temperature would be caused by a loss of charging
flow. Interlocking the letdown isolation valve
insures that cooling water is available to the heat
exchanger prior to admitting hot letdown. The

letdown stop valve is also closed by a safety
injection actuation signal (SIAS). The purpose of
this interlock is two fold. First, letdown does not
perform any safety related functions and all non-
safety related penetrations are isolated during
accidents. Secondly, isolation of letdown prevents
loss of additional inventory during an accident. In
addition, a chemical and volume control isolation
signal (CVCIS) will also close the letdown stop
valve. The CVCIS signal functions to isolate the
letdown line in the event of a letdown line rupture.

The second series isolation valve (CV-516) is
called the letdown containment isolation valve. A
SIAS close signal is sent to this valve to provide
redundancy in the isolation of letdown. A CVCIS
signal also closes the letdown containment
isolation valve. Both of the two (2) series valves
may be manually operated from the control room.
Letdown fluid normally passes through these
valves to the regenerative heat exchanger.

5.2.2 Regenerative Heat Exchanger

The regenerative heat exchanger is an inverted
U-tube heat exchanger with letdown flowing
through the tubes and charging flowing through
the shell. By cooling the letdown stream with the
returning charging flow, a portion of the temper-
ature loss is regained (the temperature is regener-
ated).

Cooling letdown provides a part of the
temperature reduction that is necessary for proper
jon exchange operation, and heating of the
charging flow minimizes thermal shock to the
RCS and pressurizer penetrations.

Under balanced letdown and charging flows,
the letdown enters the heat exchanger at 544.5°F
and exits at about 263°F, while charging enters at
~120°F and leaves at 395°F. These temperatures
will change as letdown and charging flow rates
change. Regenerative heat exchanger outet
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" temperatures are monitored in the control room.

"As previously discussed, - regenerative heat
exchanger - letdown temperature - provides an
interlock to the letdown stop valve. The letdown
outlet of the regenerative heat exchanger travels

" 'from the contamment bu1ldmg to ‘the ~auxiliary

burldlng

© 523 Excess Flow Check Valve

tAn excess flow check valve is located down-

* - stream of the regenerative heat exchanger and is

“installed to -minimize the consequences. of a

“-'CVCS letdown line rupture. -The valve is a two

(2) inch, alloy 316 stainless steel, spring loaded :-

check valve that is designed to operate at 2500

- a pressurizer level error. Normally, only one of

~these valves is in service with the other valve in

standby. A selector switch in the control room is
used to place either or both valves in service. The
selected valve(s) receives the pressurizer level

- error signal.

“ R

During normal .operations with a steady

- pressurizer level,-letdown flow is 40 gpm. This

" - psia and 650°F. The valve will isolate the letdown -
- line if letdown flow exceeds 210 gpm.

i~

" " “After the excess flow check valve, the letdown -
line passes through the containment penetration. -

The containment penetration is cooled by a small
heat exchanger ‘to " prevent -the concrete
surroundmg the penetratlon ‘from: becormng too
“hot. ‘ :

The pressures in the piping penetratron room

and the letdowr heat exchanger room are moni-.

- 40 gpm combined .with a total RCP controlled

bleed off (CBO) flow of four (4) gpm matches the
44 gpm capacity of one charging pump. If
letdown: plus CBO equals charging, pressurizer
level : should remain constant. However, if
pressurizer level starts to drop, then the letdown
flow control valve.will close to reduce letdown

flow. The minimum value of letdown flow is 29

gpm to insure preheating of the charging .stream.
Conversely, if pressurizer level increases above
setpoint, the: letdown flow control valve(s) will
open to reduce pressurizer level. As the valve

_opens, letdown- flow -increases. The maximum

value of letdown flow is 128 gpm. This prevents

. total outflow from the RCS from exceeding the

tored so that if a letdown line rupture occurred in -

to 'shut the letdown stop valve and the letdown
- ¢ontainment -isolation” valve.There are-two (2)

o pressure detectors in each room: If any two'(2) of

the four (4) detectors sense ‘a room pressure of
one-half (1/2) psig, the CVCIS signal will be

generatéd. After passing through the containment - :
" letdown isolation valve, letdown travels.to the ...

letdown ﬂowwcontrol valves. . ' -

Tt

5 2 4 Letdown Flow Control !

" The quantity of letdown flow is determmed by

the position of the letdown'flow control .valves - :
(CV-110P and CV-110Q) which are modulated by

i

-. maximum - amount - of charging. The maximum

value of charging, with all three charging pumps
running, is 132 gpm. A letdown flow of 128 gpm
combined with four (4). gpm RCP CBO equals the

‘. chargmg flow from three (3) pumps.
either room, a CVCIS signal would be generated - -

Both of the letdown flow . control valves

*should never be.placed in service when RCS

pressure is above 1500 psia because the excessive
letdown -flow -will cause .thermal shock.to the
CVCS.

The pressure drop across., the letdown flow
control valve.is 1630 psi at normal letdown flow.

. ¢-From the letdown flow control valves flow is

: drrected to the letdown heat exchanger

The mtermedlate letdown relref valve is
mstalled in -this . section of plpmg to ‘prevent

- -overpressurization of the letdown line and

letdown heat exchanger The valve has a setting

- USNRC Techmcal Training Center -7
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of 600 psig (50 psig below piping design pres-
sure) and relieves to the waste processing system.

5.2.5 Letdown Heat Exchanger

The letdown heat exchanger provides the final
temperature reduction of the reactor coolant prior
to its entry into the ion exchangers. Letdown
enters the tubes of this heat exchanger at about
263°F and exits the heat exchanger at about
120°F.

The letdown flow passes through the tube side
of the letdown heat exchanger, and component
cooling water (CCW) passes through the shell.
The shell side of the heat exchanger has baffles
installed to direct the flow of CCW in a counter
flow direction across the tubes.

Letdown heat exchanger outlet temperature is
used to automatically control the flow of CCW. If
letdown temperature goes above setpoint, CCW
flow is increased by opening the letdown
temperature control valve (CV-223) located in the
CCW outlet line. Of course, if temperature
decreases, CV-223 will close down.

In addition to controlling the CCW flow
through the letdown heat exchanger, letdown
temperature is used to isolate flow through the
boronometer and radiation element, and to bypass
flow around the ion exchangers.

5.2.6 Letdown Back pressure Regulators

After letdown temperature has been reduced,
its pressure can be reduced. If a pressure reduc-
tion was attempted before the water was cooled,
then the letdown would flash to steam. In order to
prevent flashing, letdown back pressure regulating
valves are installed to maintain a pressure of 460
psig on the letdown heat exchanger and upstream
piping. 460 psig is greater than the 422 psig
saturation pressure that corresponds with a 450°F

regenerative heat exchanger outlet temperature.
This temperature would be expected if letdown
flow was at its maximum value and charging flow
was at its minimum.

The back pressure regulating valves (CV-201P
and CV-201Q) are automatically modulated by a
pressure error signal that is derived by comparing
an operator adjusted setpoint (normally 460 psig)
and letdown heat exchanger outlet pressure.

During normal operation, only one (1) of the
two (2) back pressure regulating valves is in
service with the other valve in standby. A selector
switch located in the control room is used to place
either or both valves in service.

The piping on the downstream side of the
pressure regulating valves is protected against
over pressure by the low pressure letdown relief.
The relief valve is set at 205 psig and relieves to
the waste processing system.

An orifice is located in the piping downstream
of the back pressure regulating valves and is used
as the primary element for control room letdown
flow indication.

5.2.7 Boronometer and Radiation
Monitor

The boronometer and radiation monitor are
installed to provide the operator with indications
of RCS boron concentration and activity levels in
the reactor coolant.

The boronometer (Figure 5-3) consists of a
one (1) curie plutonium-beryllium neutron source
and four (4) boron triflouride (BF3) detectors. A
portion of the letdown flow (~1 gpm) is directed
between the neutron source and neutron detectors.
Since boron is a neutron absorber, the number of
neutrons reaching the detector and the neutron
detector’s output is inversely proportional to RCS
boron concentration.
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' “The boronometer has a range of 0-2050 ppm -
with an accuracy of + 35 ppm. The accuracy of *

- the boronometer is affected by temperature;
" therefore,- if letdown temperature increases to
145°F, the boronometer is automatically isolated

by closing boronometer-radlatxon momtor isola- :°

g thIl valve (CV-521) ) :
A radiation monitor parallels the boronometer
"The monitor is designed to monitor gross activity
and iodine (I-135) activity. Trends in the values
of these -two activities aid the operator in

determining the cause of RCS -activity changes. .

"As an example, if a crud burst occurred, gross
“activity would increase significantly as compared
- with changes in 1-135 levels. However, if a fuel

“failure occurs, I-135 activity will increase above -

‘jts previous steady state values.

L

The radiation” detector is a” sodium iodide ~

- beads.”

5.2.9 .Ion Exchangers: - S

. Three ion exchangers are incorporated into the

‘design of the CVCS. Two of these ion exchangers

function to purify the RCS by soluble ion removal
while the third ion exchanger is used to reduce the
RCS boron concentration. .

Regardless of the ion exchanger’s function,
each ion.exchanger is filled with millions of resin
Each resin” bead consists of two (2)
principle parts; an inert, insoluble matrix, and a

- chemically active functional group. The matrix is

a complex organic’ polymer that serves as -an
insoluble unit to which ions can be attached and

.. thus be removed.from solution. - The functional

- group is exchanged for the ions that are'removed

scintillation detector that supplies a local pream- ..
plifier. The output of the preamplifier supplies a -

linear circuit that supplies the indication of I-135

activity and to a logarithmic circuit that supplies -

gross activity indication.” - -

The sample flow through the boronometer and
radiation “monitor irejoins the letdown stream
downstream the letdown filters."

oo

8, 2 8 Letdown Filters

(24 : ' 1

‘The’ letdown filters are mstalled to provide

‘mechanical purification of the RCS: The filters :

" are of the wound cartridge design and will provide
a 98% retentxon of parucles whose size exceeds 3
E rmcrons . AN

.z

from solution. Two (2) different types-of func-
tional groups are required if both positive and

: negative ions are to be removed. The first type is

called a cation and will replace metallic ions with
hydrogen ions. ;The-second functional group
exchanges " its :-hydroxide® ion for negatively

‘charged impurities and is called-anion resin.

/

LA

At high temperatures, the resin beads will lose
their ability to remove impurities from the RCS
and, in fact, may release the undesirable ions that
were previously exchanged. Therefore, if letdown

-heat exchanger. outlet temperature reaches 145°F,

the ion exchangers are automatically bypassed by

- -, repositioning the ion"exchanger inlet valve (CV-

&

520). Both the boronometer and radlanon monitor

!inlet valve (CV-521)-and the ion exchanger inlet

Normally one of these two filters is in service .:

and the other is in standby. Locating these filters :,

upstream of the i 1on exchangers prevents excessive -

valve (CV-520)-.must be _manually repositioned
after letdown temperature has been reduced to less
than 145°F. C e

.. As previously stated, two different -functions
are performed by the ion.exchangers. The purifi-

_cation function is performed by the two mixed bed

“'crud” deposition, 'along with - assocrated “ion exchangers. These ion,exchangers contain
“ radioactivity,in the ion exchangers. . anion and -cation resin in a three (3) to one (1)
T ' o ‘ ... ratio. The jon exchange process removes fission
USNRC Technical Training Center 5-5 Rev 1200
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products to help maintain RCS activity within
technical specification limits. @ The second
function is to remove ions such as chlorides and
fluorides which are responsible for RCS corro-
sion. One mixed bed is normally in service with
the second unit in standby. The standby unit will
be placed in service when the first unit loses its
purification efficiency.

The deborating ion exchanger functions to
reduce RCS boron concentration from 30 ppm to
end of life concentrations. At low RCS boron
concentrations, the dilution volume and the time
required to change RCS boron concentration
become excessive. The deborating ion exchanger
contains only anion resin and directing letdown
flow through this ion exchanger will reduce the
RCS boron concentration.

Each ion exchanger tank contains internal
resin bead retention elements; however, it is
possible for broken beads (resin fines) to pass
through the retention elements and into the
letdown stream. Should this occur, the letdown
strainer will collect the beads and prevent their
entry into the volume control tank.

5.3 Yolume Control Tank

The 3,880 gallon capacity VCT collects
letdown and RCP CBO, provides a method of
adding hydrogen to the RCS, interfaces with the
waste processing system (WPS), interfaces with
the reactor makeup system, and provides the
normal suction source for the charging pumps.
5.3.1 Letdown Collection

Letdown flow into the volume control tank is
governed by the volume control tank inlet valve
(CV-500). The VCT inlet valve is a three (3) way
valve that has one (1) inlet port and two (2) outlet

ports. The letdown is supplied through the inlet
and normally passes through the outlet port that

supplies the VCT. In this mode of operation, the
letdown enters the VCT and is returned to the
RCS by the charging pumps. However, should
the level in the VCT exceed the high level
setpoint (88%), the VCT inlet valve will direct
the letdown stream to the waste processing system
(WPS). When the VCT level decreases to less
than 87%, letdown flow is returned to the VCT.

Two normal plant evolutions will cause a high
level condition in the VCT. The first is a heatup
of the RCS. As the RCS temperature is increased,
volumetric expansion causes an increase in
pressurizer level. In order to maintain pressurizer
level in the desired band, the operator manually
increases letdown flow. With constant charging
flow and an increased letdown flow, VCT level
rises causing the VCT inlet valve to direct
letdown to the WPS. This operation will be
repeated many times during the startup. The
expansion of the RCS, due to a heat up from cold
shutdown to hot standby, results in a 20,000 to
30,000 gallon influent into the WPS.

The second evolution that will cause an
increase in VCT level is a large dilution of the
RCS. During dilutions, the reactor makeup
system supplies demineralized water to the VCT.
This addition of water, combined with letdown
flow, causes VCT level to rise. When the VCT
inlet valve diverts, RCS water with a higher
concentration is directed to the WPS while the
charging pump(s) delivers water with a low boron
concentration to the RCS. Large dilutions will be
required to lower RCS boron concentration so that
criticality can be achieved at the desired rod
position, to compensate for the power coefficient
as power is escalated to 100%, and to compensate
for changes in xenon concentration.

In addition to collecting letdown, the VCT
also receives the CBO flow from the RCPs.
Individual bleed off lines are piped together and
exit the containment building via redundant
isolation valves (CV-505 and CV-506). The
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isolation valves are air-operated and are automati-
cally closed by a SIAS. In the event of a ‘SIAS,
the CBO is diverted to the quench tank through
relief valves.

Hydrogen and Waste Gas
Interfaces s
Dunng power operatrons, the gas space of the

VCT is pressunzed w1th hydrogen which s

absorbed by the mcommg letdown ﬂow ‘The

- coolant contammg "the absorbed’ gas, is charged

into the RCS where the radiation from the core

. Pfcauses the hydrogen to comblne with free oxygen.
:,The scavengmg ‘of free oxygen minimizes “RCS

“corrosion. “Hydrogen is added to the VCT from

_accomphshed by venting the gas space of the -
‘iVCT and adding nltrogen to purge out the hydro-

) the plant hydrogen storage “banks via a pressure
7regulat1ng valve o
‘maintained between 20-40 psxg

Hydrogen pressure is

If maintenance is to be performed on the VCT
during shutdown penods the explosive hydrogen
must be purged from the tank. This can be

:’gen This procedure must be reversed prior to

startup because the * addltlon "of “nitrogen ‘to” the

.. RCS at power will cause the formation of corro-
" sive nitric acid.

In addition to hydrogen, fission gases ‘are

,,found in the gas space of the VCT. These gases

) come out of solution as the letdown flows into the

tank “The ﬁssron gases may ‘be vented to the
waste gas system by the Operator '

S 3 3 Waste Processmg System
Interfaces

" The automatlc level dlversmn input into the ~

) WPS ‘that was dlscussed in section 5.3.1 supphes :
an mput of radloactlve water to’the WPS.~ “The «

input of letdown into the WPS normally énters the
vacuum degassifier where fission gasses are
removed. The fission gases are piped to the waste

gas™ system,'--and "the .water "effluent from the
vacuum 'degassifier “is transferred to the RCS
~ waste receiver tanks el S

-5.34 Chargmg Pump Suctlon Supply
The letdown that is collected in the VCT

serves as a suction supply for the charging pumps.
The VCT outlet valve (CVC-501) is located in the

- charging pump supply and receives two automatic
~ control -signals.

; *First,  the valve is interlocked
closed on low-low VCT -level (5.6%). - At the
same time, the charging pump -suction supply

* valve (CVC-504) opens to supply a source ;of

water from the refueling water
the charging pumps.

tank (RWT) to

The VCT level interlock on these valves
insures that a suction source is always available to
-the charging pumps.: The VCT outlet valve -
also ' receives "an -automatic. close 51gnal from
SIAS. A AU T

- The piping between the VCT and the charging
- pump suction header contains penetrations :from
the concentrated boric acid storage_tanks, the
RWT and the chemrcal addition tank

LR

5.35 Chemlcal Addltron ~ R

HEAAE 5 P o,

The chemtcal addmon tank has a capac1ty of

““eight (8) gallonsand is-used to add. lithium
~ hydroxide or hydrazine to-the -RCS. Lithium
" hydroxide maintains'the pH of the RCS in the

basic region thus? 'minimizing corrosion.
Hydrazme is added to scavenge oxygen when ‘the
plant isin cold shutdown. - -

LN = BN -1

5 3. 6 Rellef Valves

i oo

~Two rehef valves are assoclated wrth the VCT
and the charging pump suction header. A relief is
installed on the gas space of the VCT and has a
setpoint of 70 psig. The relief valve discharges to

'USNRC Techmcal Trammg Center
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the plant vent header. The second relief is
installed on the suction supply to the charging
pumps and has a setpoint of 80 psig. This relief
valve discharges to the waste receiver tank. Both
relief valves are installed to prevent over pressure
conditions in this section of the CVCS.

5.4 Charging System

The functions of the charging system are to
return the purified coolant from the VCT to the
RCS and to add coolant to the RCS during an
accident. The suction for the charging pumps
during an accident is the concentrated boric acid
storage tanks.

54.1 Charging Pumps

Three (3) positive displacement charging
pumps are installed to perform the design func-
tions of the charging system. Each pump has a
capacity of 44 gpm and is motor driven. The 11
and 12 pumps are powered from their respective
480 Vac class 1E electrical distribution systems,
while the 13 pump may be powered from either
480 Vac class 1E train.

The charging pumps are triple plunger pumps.
Each plunger has a diameter of two and one-eight
(2 1/8) inches and a stroke of five (5) inches. The
pump design pressure is 2800 psig, and the design
temperature is 250°F. The pump is manufactured
from 316 stainless steel. A 100 hp motor serves
as the pump driver. Reduction gears reduce the
speed of the motor to 210 rpm.

The charging pumps are equipped with a
packing lubrication system that injects water into
the packing area of the pump. This system
consists of a small tank that gravity feeds the
packing area and functions to extend the packing
lifetime.

Pump discharge relief valves are installed to
prevent shutoff operations of the positive dis-
placement pumps. The valves are set at 2800 psig
and have a capacity of 44 gpm.

During normal operations, only one (1) pump
is in service with the other two (2) pumps in
standby. The standby pumps are controlled by
pressurizer level. If pressurizer level drops to a
predetermined value, the first standby charging
pump starts. If the increase in charging flow fails
to stop the pressurizer level decrease, the second
standby charging pump will start. A selector
switch in the control room determines the order of
charging pump operation. During emergency
situations, all charging pumps are started by a
SIAS signal. From the discharge of the charging
pumps, the water flows to the shell side of
regenerative heat exchanger.

5.4.2 Charging Supplies

The charging stream passes through the shell
side of the regenerative heat exchanger where it is
preheated to minimize the thermal shock to the
RCS charging penetrations and then travels to the
charging connections on the discharge of reactor
coolant pumps 11A (CV-519) and 12B (CV-518)
and, if required, to the auxiliary pressurizer spray
line (CV-517).

The first two (2) connections are normally
open and retumn the coolant to the RCS. A spring-
loaded check valve is in parallel with the charging
supply to the discharge of RCP-11A (CV-519).
The check valve insures that a discharge path for
the charging pumps is always available.

The third connection is the auxiliary spray to
the pressurizer and is used to decrease pressurizer
pressure during cooldowns and other periods
when the RCPs are not running. When auxiliary
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spray is used, the possibility of thermal shock
exists. The temperature difference between ‘the
pressurlzer and spray fluid is limited to 400°F by
plant technical specifications. If the 400°F -aT
‘limit is exceeded, then the value of aT "is logged
and a total usage factor is maintained as a part of
plant records. The spray to pressurizer aT is
computed by subtracting ~regenerative’ heat
exchanger charging outlet temperature from
pressurrzer steam space temperature. -

: 5.4.3 HPSI Check Valve Testmg

A supply line* from the common chargmg
- pump discharge to -the high pressure safety
" injection” (HPSI) 'system is provided to test -the
- operability -of the safety injection loop check
-valves. - At normal ‘operating pressures, the HPSI
: pump discharge pressure (~1400 psia) is too low -
to ‘provide a flow through the check valves and
into the RCS; therefore, the charging pumps may -
be used to provide the flow into the RCS. If one

“is able to-obtain flow into:thé RCS with the .

-charging pumps, the safety related check valve is -
- open and can'be considered operable.

5.5 Soluble Porson Control
“(Fi lgure 5-4)

Bonc acid is dissolved in the reactor coolant
‘and is used for reactivity control. If negative
reactivity additions are required, then the boron
concentration is increased by the addition of boric
acid. Conversely, the addition of pure water
- dilutes the RCS boron concentration and adds -
- positivé reactivity. - " Also, the compensation - for
VCT level changes due to-normal ‘leakage™are
made by the addition of both pure water and boric
acid while mamtammg a "constant :RCS boron -
concentratron "These ‘basic design requirements

* -are satisfied by the boric acrd and reactor makeup ‘
* water systems.

5.5.1 Boric Acid System

Id

The boric acid makeup system consists of two
concentrated boric acid storage tanks, two boric
acid ‘pumps,-and the necessary control valves for
the addition of boric acid during emergencles and
- normal operations.

The concentrated boric acid storage tanks have
a capacity of 9500-gallons and contain -enough
“boric. acid .to ensure that 1% aK/K shutdown
margin can be maintained if the plant is cooled
:down from normal operating ‘conditions to less
-than 200°F and xenon free conditions exist at cold
-shutdown. The boric acid concentration in the
tanks is approx1mately 12700 ppm R

‘ Motor operated valves (CV-508 and CV-509)
: provide concentrated boric ‘acid to the suction -of
* the charging pumps. These gravity feed valves are
automanca]ly opened by a SIAS.

The tanks also supply concentrated borrc acid
-to the CVCS via the boric acid pumps. ~The boric
““acid pumps .are single-stage centrifugal pumps
that are capable of supplying 143 gpm -at design
conditions. A recirculation flow of fluid through
each pump’is maintained at 10 gpm. The pumps
are powered from the class 1E 480 Vac distribu-
‘tion system. Both pumps are started by a SIAS
and discharge- to the :suction of the charging
pumps through- motor operated valve CV-514
which also receives a SIAS. )
'+ This path is redundant to the gravity feed path
: discussed earlier. The flow rate through either the
gravity feed or pump discharge addition path is in
excess of the 132 GPM requirement of three
;:charging pumps. Recirculation. valves (CV-510
and CV-511) are:installed.to provrde a sufficient
ﬂowpath for the pumps in non-accident mode of
--operations. These valves are closed by a SIAS
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In addition to the accident supply, the boric
acid pumps supply boric acid to the CVCS for
soluble poison concentration control. The boric
acid flow control valve (CV-210Y) supplies boric
acid to the VCT via the makeup stop valve (CV-
512). The boric acid flow control valve will open
in the borate or automatic modes of the makeup
mode selector switch.

The boric acid addition rate (30 gpm maxi-
mum) in the borate mode of operation will result
in a 6 ppm/minute rate of change of RCS boron
concentration. Certain transients and accidents
require a faster rate of change of boron concen-
tration. An anticipated transient without scram
(ATWS) is an example of such a situation. An
ATWS is caused by some common mode failure
that prevents the reactor protection system (RPS)
from inserting the CEAs when a valid trip condi-
tion exists. Since the CEAs cannot shut down the
reactor, boric acid must be used. If an ATWS
occurs, the plant operators will add boric acid via
the gravity feed valves or through CV-514. The
rate of change of RCS boric acid concentration in
this mode of operation is approximately 26
ppm/minute.

5.5.2 Demineralized Water Supply

The demineralized water supply consists of a
supply of demineralized water from the deminer-
alized water system, reactor coolant makeup water
pumps (RCMU pumps), and associated valving.
The demineralized water tank is a 350,000 gallon
capacity tank that is filled by the plant makeup
demineralizers and serves as the storage reservoir
for reactor makeup water.

The RCMU pumps are motor-driven, single
stage centrifugal pumps that supply reactor
makeup water to the CVCS. Since the ability to
dilute the RCS is not safety related, the reactor
makeup water pumps are powered from non-vital
480 Vac.

The reactor makeup flow control valve (CV-
210X) supplies demineralized water to the VCT
via the makeup stop valve (CV-512). The reactor
makeup flow control valve will open in the dilute
or automatic modes of the makeup mode selector
switch.

5.5.3 Makeup Control System

The makeup control system contains a mode
selector switch, flow controllers, batch controllers,
and the control valves described in Sections 5.5.1
and 5.5.2. The mode control switch is a four (4)
position selector switch that is located in the
control room and determines the position of the
control valves in the makeup system. Two (2)
flow controllers are provided to determine the
addition rates of boric acid and reactor makeup
water by controlling the position of boric acid
flow control valve (CV-210Y) and reactor
makeup flow control valve (CV-210X).

When a dilution or boration is to be per-
formed, the operator sets in the desired quantity
into the batch controllers. As the fluid passes
through the flow elements, a signal is also sent to
the batch controllers. When the quantity of added
solution equals the operator’s setpoint, the
boration or dilution is terminated by the batch
controllers. The batch controllers along with the
flow controllers and mode selector switch provide
signals to the control valves in the makeup
system.

The operation of these devices will be de-
scribed by discussing the borate, dilute, auto and
manual positions of the mode selector switch .

1. In the borate position of the mode selector
boric acid flow control valve (CV-210Y) will
open to supply concentrated boric acid to the
VCT via the makeup stop valve (CV-512). To
borate, the operator selects an addition rate, a
batch size, opens the makeup stop valve, and
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positions the mode selector switch to the

borate position. The selected boric acid -

pump will start, CV-210Y will control the
addition rate of boric acid into the system.

When the quantity of boric acid equals the

batch size placed into the boric acid batch
controller, CV-210Y closes and the boric
acid pump stops.

2. In the dilute position of the mode selector the
reactor makeup flow control valve (CV-210X)
and makeup stop valve CV-512 open to
supply demineralized reactor makeup water to
the VCT. To dilute, the operator selects an
addition rate, a batch size, and positions the
mode selector switch to the dilute position.
The selected reactor makeup water pump will
start, CV-210X will control the addition rate
of reactor makeup water, and CV-512 will be
manually opened to complete the flowpath to
the VCT. When the batch has been added, the
reactor makeup water batch controller will
close reactor makeup flow control valve (CV-
210X) and stop the reactor makeup water
pumps. The makeup stop valve will be
manually closed.

3. In the auto position of the mode selector VCT
level controls the makeup system. If VCT
level decreases to 72%, the makeup system
will restore the level to 86%. This evolution
is accomplished by opening CV-210X, CV-
210Y, CV-512, and sending a start to the boric
acid and RCMU pumps. The concentration
of the added solution is determined by the
flow controller settings for boric acid and
reactor makeup water.

4. The manual position of the mode selector
allows the manual control of any control valve
in the makeup system. Manual mode is
normally used during makeup of the RWT.

‘5.6 Engineered Safety Features

- Operations

The changes that occur in the CVCS upon the
receipt of an engineered safety features signal are:

1. Letdownis isolated,v

2. The VCT outlet valve is closed,

3. All three charging pun;ps start,

4. Both boric acid pumps start,

5. The gravity feed addition valves open,

6. The boric acid discharge valve (CVC-  514)
opens to direct the discharge of the boric acid
pumps to the charging pump suction,

7. Boric acid pump recirculation valves
close and

8. RCP CBO valves close.

The above actions isolate the non-vital
letdown line and inject concentrated boric acid
into the RCS via the normal charging paths;
however, safety analysis does not take credit for
the addition of the CVCS during accidents.
Operator actions are required to stop the boric
acid makeup and charging pumps prior to
emptying the concentrated boric acid storage
tanks.

57 Summary

The CVCS is a major auxiliary system that
functions to control RCS inventory, to maintain
RCS chemistry, and to control the soluble poison
concentration of the RCS. In addition, the CVCS
supplies borated water to the RCS in the event of
an accident.
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Major system interfaces include the pressuriz-
er level control system which varies letdown or
charging flow based upon pressurizer level error,
the WPS which receives its influent from the
letdown system, and the makeup system that
provides methods of soluble poison control.
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6.1

' 611 I'ntro'duct"i,en B

'steady state ‘conditions.

" USNRC Technical Training Center

QPRESSI‘JRIZER PRESSURE
CONTROL SYSTEM
Leaming Objectives:

1 State the purposes of the pressunzer pressure

‘ control system (PPCS).
2. .:Lrst ‘the sequence of actrons performed by the

,PPCS foran mcreasmg or decreasmg pressure :
control srgna] ‘

The purpose of the PPCS is to:

I MamtamRCS pressure at 2250 psia,

" " 2.. Minimize pressure excursions during

transient ope'rations, .

é.y‘Prowde pressure srgna]s for indication and °

a]arms and o

The system " consists “of a ‘combination of -

" heater banks and spray valves actuated at the ™
proper times by a pressure controller. The heaters"”

and spray valves are set to operate at various fixed
pressure deviation pomts from the controller set

point.

Dunng steady state condmons, approximately
oné half the pressurizer volume is saturated water
‘and the’ remamder is saturated steam. The pressure
control system is capable of affecting thxs steam
volume sufficrently dunng des1gn ‘transient
condltlons such that a reactor trip will not result

The pressurizer heaters are divided into two
(2) groups consrstmg of two’ (2) banks of pro-

portional heaters and six (6) banks of backup (on-"
. off)

heaters These heaters mamtam the-
equllrbnum heat balance in the pressunzer during *
If system pressure

-decreases - significantly from the set point, the
" proportional heaters would provide .maximum
- heat output and, in addition, the backup heaters

would be ‘energized on. For -a -system pressure
increase above the normal set point,:all heaters
would be deenergized and the spray valves would
be “opened “(proportionally over a fixed pressure
. range) 'to .admit 'cooler RCS -‘water into, the
pressurizer steam volume.

6.1. 2 System Descnptlon

Fxgure 6. 1 1 is a funcnonal block dxagram of
the pressurizer pressure control system. Two (2)
separate pressure ‘channels are provided - for
control of pressurizer pressure. A pressure

_detector transmits: a signal proportional with
© . pressurizer pressure to -two (2)bistables-and a
.pressure indicator controller. A channel selector
. switch - determines - which ‘channe] bistable ‘and

--pressure transmitter -outputs “are used for the
various control functions. 5 - .-

The pressurizer pressure control station
“provides manual to-automatic and automatic to
manual transfer capability as well as the, manual
control capability -for -the modulating control of
 the proportional heaters. It provides,the set point

" adjustment for the modulating .automatic_control

and displays both'the set point and the selected

pressurizer pressure signal. .- - - - 1. .
The output from the pressure, ~inciicator

controller will be the difference between the set

*point and the measured pressure of the pressurizer
- “'when in automatic, or the value set by the operator
*~. when in manual. Figure 6.1-2 shows the pressure
..controller - output .- compared to -the. pressure

« ‘deviation. This signal will be sent to the selected
spray ..valve electro-pneumatic controller and to

Athe“proportional power control unit. As the

pressure controller output increases from 0% to
.40%, .the .power supplied to_the. proportional
heaters will go from full power to zero power. As

6.1-1
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the output of the pressure controller increases
from 60% to 100% the output of the spray valve
controller, if in auto, will increase from 0% to
100%. This will stroke the selected spray valve
from full closed to full open.

Pressure indication for each channel is
provided on the pressure indicator controllers and
on a two pen recorder. Range of pressure indica-
tion is 1500 psia to 2500 psia. A dual-action
bistable provides a pressurizer pressure channel
pressure alarm for each channel. A common alarm
window annunciates if either bistable actuates.
6.1.2.1 Heater Operation

Six (6) banks of independently powered
immersion heaters are available to add energy to
the pressurizer to increase the RCS pressure.
Heater banks 1 and 2 are assigned to be controlled
proportionally. They are designed to be at least
200% greater than the system heat losses with the
spray bypass valves open.

The pressurizer pressure indicating controller
sends a control signal to the proportional heater
and spray valve controllers. This analog control
signal is proportional to the actual pressure
deviation from the controller set point. The
proportional heaters operate in a 50 psia range
around the controller set point. Normally, these
heaters are at half power in the middle of the
control band.

There are two banks of proportional heaters
each having a capacity of 150 kW. A three
position hand switch ( off, on, and auto) operates
a breaker to supply power to selenium control
rectifiers. These rectifiers vary the power to the
proportional heaters in response to the control
signal from the selected pressure indicating
controller. Maximum power is supplied when
pressurizer pressure is 2225 psia, and minimum
power is supplied when pressurizer pressure is

2275 psia. A low level in the pressurizer will open
the supply breakers to the proportional heater
selenium control rectifiers and the backup heaters.

The remaining heater banks are designated as
backup heaters, and are either on or off, unlike the
variable output capability of the proportional
heaters. A bistable in the selected pressurizer
pressure control channel is set to energize the four
backup heater banks at a decreasing pressure
(2200 psia) and to decnergize them at an increas-
ing pressure (2225 psia), provided that the backup
heater control switches are in the automatic
position. [Each bank of backup heaters has a
capacity of 300 kW.

Backup heater banks may also be operated
from the remote shutdown panel. A high pressur-
izer level deviation of three and six-tenths percent
(+3.6%) from programmed level will energize the
backup heaters if the heater control switches are in
automatic (section 6.2). A low pressurizer level of
28% will de-energize the backup heaters. An
indication light for each bank of heaters is
mounted on the main control board to provide
indication to the operator whenever the circuit
breaker of the bank is closed.
6.1.2.2  Spray Valve Operation

The output of the selected pressure indicating
controller is also sent to the spray valve controller.
The spray valve controller is set to start opening
the spray valves when the input reaches 2300 psia.
The spray valves will be fully open when the
input reaches 2350 psia. The operator can take
manual control of the spray valve controller and
position the valves at any desired position.

A single spray nozzle, supplied by two (2)
parallel valves, is available to reduce pressure.
The spray coolant is taken from the discharge
lines of two (2) of the four (4) reactor coolant
pumps (RCPs), both from the same steam

USNRC Technical Training Center
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generator. A total minimum spray flow capacity
of 375 gpm is available from the two (2) spray
valves under design conditions. Under design
conditions, each 1 gpm spray flow corresponds to
approximately 18 kW of heat Joss.

Each spray control valve has an associated
small capacity bypass valve. They are adjusted
locally to supply a minimum flow through the
spray lines and spray nozzle in order to maintain
the temperature of the spray piping and to provide
continuous trim for the pressurizer heat balance.
In steady state, heat must be added to the
pressurizer to compensate for the heat loss
through the vessel walls (approximately 42.5 kW),
and for the heat defect introduced by the
continuous spray flow (approximately 1.5 gpm
corresponding to 27 kW).

6.1.3 Normal Operation

Assuming an initial controller set point of
2250 psia, and an initial pressure of 2225 psia,
the proportional heaters will be at full power at
2225 psia and zero power at 2275 psia. The
selected spray valves will start to open at 2300
psia and will be fully open at 2350 psia.

6.1.4 Summary

The pressurizer pressure control system
maintains the RCS pressure at or near 2250 psia.
The system uses heaters and spray valves which
are actuated when actual pressure deviates from
the desired set point.

USNRC Technical Training Center 6.1-3 Rev 1201
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6.2 PRESSURIZER LEVEL -

' Learninig Objectives:

i

I

- e

- contamment building’ des1gn and,

-

'~1.

State the purpose “of ‘the’ pressunzer level
control system (PLCS)

List the purpose of each PLCS input.

Explain the reason pressurizer level is pro-
. grammed.

E

" loss ‘of load transient could result in filling the
CONTROL SYSTEM N

- " ‘pressure condition. Or, the decrease in tempera-
" ture following a reactor ‘trip could empty. the

pressurizer ‘and reaching “an . associated high

pressurizer resulting 'in an'unnecessary initiation

- of safety systems by a low ‘pressurizer pressure

51gnal The pressurizer design - volume ‘is a

’ ':«fcomprormse between these two limits.

A minimum volume of 40% ‘nust exist in the
pressurizer to allow the unit to be ‘maneuvered at
the design rates at low power levels. The design

" - maneuvering rates are a 5% per minute ramp or a

Llst the dev1ces that are controlled by pres-
sunzer level

ta

" 10% step load change. 'As shown in Figure 6.2-1,

if pressurizer level is at its minimum and charging

: _'fand letdown are maintained at equal values and
“-power is escalated from 0 to 100%, the expansion

,Explam the purpose of the" pressunzer low "
level mterlock

. ‘ 6.2.1 Intrbduction ‘

1

The pressurtzer is designed to accommodate

' the “changes in reactor coolant system (RCS)

P

- small the pressure changes assocrated with
) change in temperature could be unacceptab]e For

volume that are caused by changes in RCS
temperature The pressunzer is not large enough
to accommodate "the tota] increase in volume -
resulting from the change in Tavg occumng from
0% to 100% power (532°F to 572. 5°F)

The de51gn of the contamment must take into
account the volume of the’ RCS. 'In general the
. larger the RCS volume the blgger the containment

" -must be in order to accept the pressures that resu]t
_ from-a loss, of coolant accident. The maximum *
srze of the pressunzer is lnmted by the °

‘therefore,

volume would result in an unacceptable high
level. In fact, the pressurizer would be almost
completely filled 'with water. Any temperature
increases from this point would completely fill the
pressurizer and cause - a large unacceptable
increase in RCS pressure.

e

The 100% level of 60% is basedlon accepting

“i-a load rejection-from '100% power. without the

* pressurizer . going:’

solid -and.:accepting the
cooldown associated with a reactor trip. without

. initiating a safety signal. If a power decrease from
+100% to 0% is made with the pressurizer at 60%

cannot accommodate the entire expansron volume

resultmg from _the temperature change Wthh
occurs from 0% to 100% power. S

However, if the pressurizer volume is 100 -
a

example, the temperature change associated with a

level ‘and " charging and letdown maintained at
equal values, the -pressurizer.would be emptied.
The pressurizer level control program is a
= compromise between these two extremes. The

“purpose of the PLCS is to control pressurizer level
"at the desired setpoint. -

4

- Pressurizer Level Control )
System Inputs

6.2.2 :

- The desrred value of pressurlzer level is

- generated as a function of average -coolant tem-
* perature in‘the ‘reactor regulating system"(RRS).

The level 'setpoint from the selected RRS is
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supplied to the PLCS. A manual/automatic
control station is installed in the signal path to
allow the operator to manually supply the setpoint
if desired. The setpoint is compared with actual
pressurizer level as sensed by two pressurizer
level transmitters. The result of the comparison is
supplied to the pressurizer level control devices
via a channel selector switch. As shown in Figure
6.2-2, two types of control signals are used. The
first type of signal is an analog control signal
generated by the proportional-integral-derivative
(PID) controller. This signal is used to control the
position of the letdown flow control valves and to
start the standby charging pumps. The second
signal type is supplied by bistables and is used to
control the pressurizer heaters and to provide
backup start and stop signals for the charging
pumps.

6.2.3 Pressurizer Level Control Devices

6.2.3.1 Letdown Flow Control Valves

The output of the selected PID controller is
supplied to the letdown flow control valves.
Normally only one (1) of the two (2) letdown flow
control valves is used to control letdown flow.
When pressurizer level is at setpoint, the selected
letdown flow control valve is positioned to allow
a letdown flow rate of 40 gpm. If pressurizer
level increases above setpoint, the output of the
PID controller will increase letdown flow by
positioning the letdown flow control valves. As
shown on Figure 6.2-3, letdown flow will increase
from 40 gpm when the pressurizer is at its level
setpoint to a maximum of 128 gpm when level
increases to nine and one-tenth percent (9.1%)
above setpoint. When pressurizer level decreases
below setpoint, the selected PID controller will
decrease letdown flow by closing the letdown
flow control valves. Letdown flow will decrease
from its normal value of 40 gpm to its minimum
of 29 gpm as pressurizer level drops from its
setpoint value to one and one-tenth percent (1.1%)

below setpoint. It should be noted that the
operator can control the letdown flow rate by
taking manual control of the selected PID
controller. Also, the limiter in the circuit for the
letdown flow control valves is used to set the
minimum and maximum values of letdown flow.
The effects of the limiter can be bypassed if the
operator positions the control station for the
letdown flow control valves to manual.
6.2.3.2 Charging Pump Control

Three (3) positive displacement charging
pumps are installed in the chemical and volume
control system (CVCS) to supply normal RCS
makeup requirements. Each pump has a capacity
of 44 gpm. During normal operations, one (1)
charging pump is in service with the other two (2)
pumps in standby. Charging pump control is
accomplished by five (5) control switches. Four
(4) of these switches are used to determine the
operating mode of the charging pumps, and the
fifth switch is used to select the starting order of
the standby charging pumps. The first four (4)
switches (one (1) switch each for the 11 and 12
pumps and two (2) switches for the dual powered
13 pump) have three (3) positions; start, stop, and
auto. The start and stop positions allow manual
control of the pump while the automatic position
allows the PLCS to control the operating status of
the charging pumps. The last control switch is
used to determine the starting order of the standby
charging pumps. The switch has three positions
(12&13, 13&11, and 11&12). In the 12&13
position, the 12 charging pump is the first standby
charging pump and the 13 charging pump is the
second standby charging pump. The control
switch for the 11 charging pump would be in the
start position and this pump would be supplying
normal charging.

Two (2) bistables are located on the output of
the PID controller. The first bistable will start the
first standby charging pump if the deviation signal
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exceeds ' negative two and one-half “percent’ (-
2.5%). The second bistable starts the second
standby charging pump when the level deviation
exceeds negative three and six-tenths percent

(-3.6%). < The reset points for the bistables are
negative one and one-tenth percent (-1.1%) and

“negative “ one "and “six-tenths percent (-1.6%)

respectively.

In addition to the PID controller signal, the

‘biéiablé"‘i)ortién of the PLCS also provides start

and stop signals to the charging pumps. One (1)
of the bistables is used to provide a backup start
signal to both standby charging pumps if the level
deviation exceeds negative four and one-tenth
percent (-4 1%). This signal ensures that

. max1mum chargmg flow is available to the
: pressunzer in the event of a controller failure.
% This bistable also provides a low pressurizer level
“alarm. The reset ‘point for the bistable is negative
“two and scven-tenths percent (-2.7%). The second

-

[}

bistable - prowdcs a backup stop signal for the
standby chargmg pumps on a high level deviation

-of posmve three 'and six:tenths percent (+3.6%).

* The high pressurizer level alarm and pressurizer

'6233

backup heater actuation is also provided by this
bistable. The reset point for these actions is
positive two and one half percent (+2.5%). -

Pressunzer Heater Slgnals -

The bistable portion of the PLCS provxdes two
(2) signals that are used to control the pressurizer
heaters. The first signal is the low level heater
cutoff signal. This signal is set at 28% and
prevents the heaters from being energized unless
they are covered with water. This interlock is
supplied from the level transmitters via an
interlock defeat switch.

The interlock defeat switch allows the opera-
tor to remove a failed transmitter from the heater
circuitry. The switch has three positions (x, both,
and y). In the both position, the pressurizer

heaters will be deenergized if either transmitter
senses that the pressurizer level has decreased to
28%..1 These bistables.also provide the low-low
pressurizer level. alarms. Alarm . generation is

“independent of the position of the interlock defeat
“switch. ' . -

.

If pressurizer level increases to bositivc three
and six-tenths percent (+3.6% above setpoint, a
bistable 'in each channel will supply.a high level

-deviation signal to the channel select switch. -The
-selected ''channel will energize all pressurizer
“backup heaters. The:reason for energizing the

pressurizer heaters on a high level deviation is an

‘ anticipatory feature." The-high level deviation is
‘caused by an insurge of:cold water -into -the

pressurizer. The cold water will lower pressurizer
temperature and pressure. The energy. from ‘the
pressurizer heaters will raise the water, to satura-
tion temperature and minimize the pressure
decrease. ' The reset .point for this bistable is
posmve two and one-half perccnt t+2 5%). -
6.2.3.4 ngh Leve] Alarm Generatlon

The last blstable in the PLCS is used to
generate the pressurizer high level alarm. The
alarm will be -generated if -pressurizer , level
deviation exceeds +10.8% and resets at +10.3%.

- The bistable setpoints are’summarized on Figure
~ 6.2-3. ;

yo. ,‘q. . N :’ o -
6 2 4 System Operatlons v

< A reactor tnp can be used to ﬂlustrate the
operations of the pressurizer level control system.

When “the "reactor trips, the -steam dump and

{-bypass control: system: (SDBCS) functions to
i decrease'RCS* temperatures to the no-load Tavg
> value.
.‘outsurge occurs::As pressurizer level drops below
* setpoint, ithe letdown flow control valves start to
: decrease letdown flow. When the deviation signal

As temperatures decreases, a pressurizer

reaches negative' one’ and one-tenth percent (-

Pt -

N o~ 7 LI 4
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1.1%) letdown flow is at its minimum value.
Deviations of negative two and one-half percent (-
2.5%) and negative three and six-tenths percent (-
3.6%) will start the first and second standby
charging pumps. If the deviation reaches negative
four and one tenth percent (-4.1%), a backup
signal to start both standby pumps will be
generated.

As Tavg is decreased, the pressurizer level
setpoint will be decreased. This action, combined
with the additional charging flow, will start to
restore pressurizer level to its desired value. As
pressurizer level increases, the deviation from
setpoint will decrease. At negative two and
seven-tenths percent (-2.7%), the backup start
signal and low pressurizer level alarm will reset.
At negative one and six-tenths percent (-1.6%),
the second standby charging pump will stop.

Next, at negative one and one-tenth percent
(-1.1%), the first standby charging pump will
stop. As the operating charging pump continues
to raise pressurizer level, the letdown flow control
valves will be positioned to control letdown at its
normal value of 40 gpm.

Next, consider the response of the PLCS
during a load decrease. Assume that the control
element assemblies (CEASs) are in manual and the
load decrease is to be accomplished by borating
the RCS. If turbine load is reduced faster than
boration can decrease reactor power, then Tavg
will increase because of the energy mismatch. As
Tavg increases, the insurge increases pressurizer
level. As pressurizer level goes above setpoint, the
output of the selected PID controller increases
letdown flow. If the insurge creates a level
deviation of positive three and six-tenths percent
(+3.6%), the backup heaters will be energized.
Carrying the transient to extremes for discussion
purposes; when the pressurizer level deviation
reaches positive nine and one-tenth percent
(+9.1%) letdown flow will reach its maximum of
128 gpm. At +10.8%, the high level alarm will

annunciate. As the increase in letdown flow starts
to restore level to normal, the following actions
will occur:

1. At+10.3%, the high level alarm will reset,

2. As the error decreases below +49.1%, the
letdown flow control valves will start to
throttle down,

3. As level drops below +2.5%, the backup
heaters are returned to pressure control and

4. Letdown flow is returned to 40 gpm when
level reaches setpoint.

For discussion purposes, assume that a five (5)
gpm leak develops in the RCS. With 40 gpm
letdown, four (4) gpm control bleedoff flow, and
five (5) gpm leakage, the total outflow from the
RCS is 49 gpm. Since only one charging pump is
operating, level in the pressurizer will start to
decrease. When the PID controller senses that
level is below setpoint, the letdown flow control
valves will decrease letdown flow. Charging will
return level to setpoint.

6.2.5 Summary

The PLCS maintains the water inventory of
the RCS by varying both letdown and charging
flow. In addition, the system will provide low and
high level signals to the pressurizer heaters.
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Figure 6.2-1 Pressurizer Level Program
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70 FEEDWATER CONTROL
) SYSTEM
; ,Earhing Objecti\;e's: '

7

l State the functlon of the feedwater control
system (FWCS). i

2. List the inputs used to control steam generator
water level and describe how 'each input is
used.

.7

3 Llst the ovemde srgnal associated with the
FWCS )

{

.4 Expla.m the two modes of automatic control
for the FWCS

-

. 5 Explam the drfference ‘between actual and

. lrndrcated steam generator level followmg a.
: ~ load or low load operatlons An additional control

plant cooldown

6. Describe the effect initial’power level has on
the magnitude of shrink and swell.

-~

71 _Introduction

_ Each steam generator is’ equipped with .

) 'mdependent three (3) ‘element and smgle (N

element controllers The elements used are steam )

~ﬂow, feed ﬂow, and level These elements w1ll be
used to control feedwater ﬂow to each steam

. generator to mamtam proper ‘steam generator level

.during normal plant operanon The FWCS “will
automatlcally control steam generator level above
15% power using the three 3 element mode of
control. Durmg startups and shutdowns, when .
below 15% power, a smgle element (level only)
control is selected, and the feed ‘water bypass ..

valves will be controlled. to maintain steam -

generator level.

"The FWCS is designed to pérform the
following functlons

1. Automatically maintain steam generator water
level at the designed normal water level using
a three element ‘control system above 15%
power and a single element control system
below 15% power, v

2. Provide reduced feedwater flow aftef a turbme
i tnp by shutting the main feedwater regulatmg
valve (FRV) and positioning the bypass FRV
to supply five percent (5%) of main feedwater

flow to each steam generator and

B
et

3. Allow the operator to manually‘,eontrol the
" main and bypass FRV’s to control feedwater
ﬂow to each steam generator.

The mam feedwater lme to each steam gener-

‘ ator is provrded with" a feed water regulatmg

valve and a bypass valve.’ The bypass valve may
be used to manually control feed water flow at no

_function of the FWCS i isto adjust the Speed of the
turbme dnven main feed pumps. 'I’hrs sxgnal is

o vaned between rmmmum ‘and maximum-as a

functron of the dxfferentlal pressure (AP) across
the FRV.
‘ chs,ln'ptits; R

5o

12

721 ‘Steam GeneratorVLeyerl‘

Two (2) level detectors per steam generator
measure the aP between the upper and Tower taps
“in ‘the ‘downcomer ‘area of the steam generator
One is used for high/low steam "generator level
_alarms and for the operatlon of the feedwater
regulatlng bypass valve “(through® the single

. element controller) The remaining transmitter is

used for level mdlcatlon and control of the FRV
(through the three element controller) Steam
generator alarms, penetranons and operatmg
_ limits referenced to the low level tap (0% indicat-
‘ing) are listed in Table 7- 1.

-
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Table 7-1
Steam Generator Level
High level tap 100%
High level turbine trip 92.5%
High level alarm 81%
Bottom of steam separators 78%
Normal level 65%
Surface blowdown ring 61%
Low level alarm 51%
Low level pre-trip 47%
Feed ring 39%
Low level reactor trip 37%

Differential pressure (D/P) cells are used to
produce a signal proportional to steam generator
downcomer level by measuring the difference in
pressure between a reference leg and a variable
leg. The reference leg (high level tap) has a
constant level maintained by a condensate pot.
The condensate pot and reference leg are unlagged
and located external to the steam generator. Steam
(525°F) is condensed in the condensate pot where
the ambient temperature is relatively low (120°F).
The variable leg (low level tap) has a variable
level due to the changing downcomer level.
Electronic force balance transmitters convert the
AP to a 4-20 ma current signal. The maximum
signal output occurs at maximum level (which
corresponds to a minimum aP). The detectors are
narrow range instruments measuring 183 inches of
level in the normal operating range. The level
indicators display level as zero (0) to one-hundred
percent (100%).

Since density compensation is not incorporat-
ed in the level detection circuitry, manual level
correction is required for reduced steam generator
pressure (temperature). Transmitters are calibrat-
ed for a generator pressure of 850 psia. Since the
reference leg is external, its temperature is
constant (120°F ambient). As steam generator
temperature is reduced (during a cooldown), the

reference leg density is constant, but the density
of the steam generator water increases. If indi-
cated level is maintained constant at 65% then the
actual level will decrease as the steam generator
temperature is reduced. At 850 psia, indicated
level equals actual level (65%). At 14.7 psia,
indicated level equals 65%, but actual level equals
47.5%.

7.2.2 Steam Flow

An elbow tap (located inside containment) at
the outlet of each steam generator measures steam
flow. The steam flow is forced to the outer radius
of the elbow causing a measurable aP to be
developed. An electronic force balance D/P
transmitter produces a 4-20 ma electrical signal
that’s proportional to the aP. The signal is biased
to always have a minimum output of approxi-
mately 10% due to the inaccuracies of sensing
such a small aP. The steam flow system is
calibrated for operation at 850 psia.

7.2.3 Feed Flow

A venturi flow nozzle, downstream of the
FRV, is used to sense main feedwater flow. The
venturi nozzle has a restriction which causes a
measurable AP proportional to the flow rate. An
electronic force balance transmitter and square
root extractor is used for producing the feed flow
signal. As with steam flow, the feed flow signal
output is biased at 10% due to the existence of
similar inaccuracies at small aP signals. Like the
steam flow system, the feed flow system is
calibrated for its normal operating range

7.3  FWCS Normal Operations
(Figure 7-1)
7.3.1 Below 15% Power

During plant startup (< 5% power) the
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auxrllary feedwater system may be used to feed
" the steam generators until a main feedwater pump

‘is operating. Since the auxiliary feed pump turbme
exhausts to the atmosphere and there is no
automatic level control associated with this
system, this is not a desirable ‘method for level -
_control. A main feedwater pump is normally
’_placed in service between three (3) and five
" percent (5%) power to’ rmmrmze the use of the ~
' auxrlrary feedwater system .

| s

8

Wrth power less than 15%, steam generator "
.'level is controlled by a single element controller.
] :Actual steam generator downcomer level is
"compared t0 2 manually adjusted level setpoint
srgnal (normally '65%).  The deviation - from *
setpomt (level error) is amplified by a proportion-
al controller with the resulting signal used to’

_adjust bypass FRV position such that the devia-' ~
“:tron is zero. The controller gatn is set to allow a ~

. ' proportional band of 22% level (the bypass valve
. will be fully open when actual level is 22% below
“setpoint). Valve capacrty is 15% of 100% feed

. water ﬂow or 2150 gpm.

. When controllrng ‘steam generator level “with
" the bypass FRV, the manual isolation valves
.upstream of the main ‘FRV are normally closed
Although the mam FRV'’s are closed,’ “feedwater - -
Jeakage past them may exceed thé tate of “steam
generation within the steam generator leadmg to”

high water levels.

732, Above 15% Power
4 When power is approxrmately 15%, ‘level is’
. 'control]ed by a three (3) element ‘controller: Feed
water flow is compared ‘with - steam flow to

determine the flow error. Actual steam generator ’

level is compared with a level setpomt (65%) to
determine the level error. The two error signals
are combrned to posmon the main’ FRV. The
main FRV capacrty is 14, 310 gpm ' i

The lag circuits act to anticipate changes. The
faster the input changes (with respect to time), the
greater the magnitude of the output signal. For
example, a level decrease of 10% in 20 seconds
will produce a larger error. signal than a level
decrease of 10% in 40 seconds.-The proportional
plus reset (integral) controller can have an output
© when no input deviation exists. . The reset action
allows actual level to equal the level setpoint. This
- .action is necessary since the main FRV .must be
<+ continuously ‘opened 'as. power - increases, hence
the total valve ‘signal :must .increase even though
-feed flow equals steam flow and steam generator
level equals setpornt I

~ The gain of the flow error circuit is twice the
“ gain of the level error circuit. This arrangement

-compensates for the effects-of shrink and swell
which occur- during . transients. The - three (3)

“element system is unstable at low power levels,

since feed and steam flow signals are inaccurate at
low flow conditions, and small changes in valve
position result. in large :flow  changes. To -
minimize this unstable characteristic, the main
.“FRV controller is usually operated in manual with
the FRV closed during low steaming conditions.

. In addition to bypass and FRV positioning, the
FWCS adjusts turbine feedwater pump speed.
Consider the example -of the - FWCS sensing an
increase in ‘steam generator ;level, -which -, will
.reduce the opening on the main feed water valves,
dueto level error. The reduced opening restricts
flow and causes an increase in differential

+."pressure -across the’ FRV:for the same feedwater
. turbine speed.” The differential pressure controller

*’senses the increased AP transmits a signal to the
speed changer-calling for a reduction in turbine
t speed. Reducing _ the :turbine speed decreases
pump discharge pressure which reduces, the FRV
aP. - The end result will be a new turbine speed

- and valve position, for the 'same-aP, to maintain

the new steam generator condition.

i
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7.4 FWCS Transient Operation
7.4.1 Step Change in Power

Assume the plant is operating at 50% power
and steam generator level is at setpoint with steam
flow and feed flow matched. A negative step
change (-10%) in steam flow results in a rapid
water level decrease (shrink). Initially the control
system receives two opposing signals. The
decreasing water level (shrink) demands an
opening of the main FRV to restore level to
setpoint (65%). The large flow error requires the
main FRV to be shut so that feedwater flow will
equal steam flow. During the initial part of the
transient, the flow error signal is dominant due to
the larger gain of the flow error circuit. If the
valves were allowed to open on the transient as a
result of level error (due to shrink), then a large
flow error would exist (feed flow > steam flow)
and a large overshoot in level would occur.

As the transient progresses, the flow error is
reduced and the water level error becomes
dominant during the remaining part of the tran-
sient in order to restore level to setpoint. The
overshoot in level is characteristic of the response
of any complex controller. The gains, reset time,
and lag times are adjusted such that these over-
shoots and oscillations are minimized. At the end
of the transient new steady-state conditions are
reached with feedwater flow matching steam flow
and the steam generator water level at setpoint.

The response of the three (3) element control
system to step changes in turbine load becomes
more sensitive and results in larger overshoots as
the initial power level is reduced. The magnitude
of shrink and swell effects increases as initial
power level is reduced. A 10% step increase in
steam flow starting from 20% power results in a
50% increase in heat flux transferred from
primary to secondary. The same step change from
an initial power of 90% results in a heat flux

increase of only 11%. Since the volume occupied
by steam bubbles is proportional to the change in
heat flux, the swell will be greater at the lower
power level.

7.4.2 Turbine Trip

In order to prevent overcooling following a
turbine trip, (remember that the reactor trips if
power is greater than 15%) feedwater flow is
automatically ramped down to five percent (5%)
of its 100% valve. This is accomplished by
closing the main FRV regardless of its mode of
control and positioning the bypass valves to 33%
open. This bypass valve position corresponds to
five percent (5%) feedwater flow. Manual
push buttons are installed to allow the operator to
remove the ramp down signal.

A turbine trip results in a ramp down in feed
water flow to five percent (5%) of full flow within
60 seconds. The electrical signal to the FRV is
grounded resulting in the valve shutting within 60
seconds regardless of its mode (manual or auto).
A trip override is provided to restore manual
control to the bypass valve (FRV remains closed).
The feed water bypass valve receives a signal of
33% of total such that it provides five percent (5%
of rated feed flow. A ramp down will provide a
better regulation of cooldown after a trip.

7.4.3 Level Transmitter Failures

A leak or rupture in the reference leg will
reduce pressure on the high side of the D/P cell.
A minimum aP will be sensed by the D/P cell
which gives a high level output. A leak or rupture
in the diaphragm which separates high pressure
and low pressure fluids will cause a minimum aP
and give a high level output.

Each steam generator has two (2) level
transmitters that are used for control by the
FWCS. The two transmitters are connected to the
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FWCS via a selector switch. During normal
operation, the output of one transmitter is sent to
the three (3) element control system and a level
recorder. The output of the second transmitter is
sent to level alarms, level indicators, and the
single (1) element control system. During a
transmitter failure, the selector switch is used to
select the remaining operating transmitter and
allow it to drive both the three (3) element and the
single (1) element control systems and therefore
no control functions will be permanently lost.

Failure of the level transmitter associated with
the bypass FRV will give high/low level alarms
and a high/low indicated level on the main control
board regardless of power level or mode of
control. The level recorder will continue to
indicate normal level. If power is below 15% and
level is being maintained automatically, then the
bypass FRV will fully open or fully shut. In
either case, the operator should put the controller
in manual and bring level back to setpoint. The
problem can then be diagnosed and the non-failed
level transmitter selected. If power is above 15%,
there will be no effect on feedwater control. The
level transmitter should still be repositioned since
this action could be forgotten after a trip or
shutdown.

Failure of the level transmitter associated with
the main FRV will give high/low indications on
the level recorders. The high/low level alarms
would not come in until actual level, as sensed by
the other transmitter, reached the alarm setpoint.
Additionally, the level indicators would indicate
normally. If power is above 15% and FRV control
is in automatic when the level transmitter fails
Jow, the FRV would receive a signal to fully open.
This would cause a feed flow mismatch which
would over feed the steam generators causing
actual level to increase. This condition would
continue until the operator takes corrective action.
The immediate action would be to shift the
control station to manual and restore steam

generator level to setpoint. If left unchecked, a
high steam generator level (92.5%) will be
exceeded, causing a turbine trip, and a reactor trip
will result.

7.5 Summary

The FWCS functions to control steam gener-
ator level during plant startups, normal operation,
and plant shutdowns. Two different control
schemes are employed. When the plant is operat-
ing at power levels less than 15%, a single (1)
element (steam generator level) control is used.
When the plant is operating at power levels
greater than 15%, a three (3) element control
system (steam flow, feed flow, and steam
generator level) is used.

The FWCS provides an override feature when
the turbine is tripped. The override feature
consists of closing the FRV and positioning the
bypass valve to thirty three percent (33%) open.
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8.0

" - - - CONTROL SYSTEM (SDBCS) )

' Learning Objectives:

1. List the purposes of the ‘steam ‘dump and

- 8.1 rIntroduction )

.
2.

st

o bypass con)trol' system (SDB Cs). ”

%

’ Bneﬂy descnbe how each purpose is accom-
) “phshed L &
3 Llst the inﬁut signals to the SDl}CS. -

’ condenser is prevented

oF
H

The SDBCS exists to femove excess’ energy
from the reactor coolant system (RCS) by dump- ’
ing steam to the atmosphere’ and/or bypassing
~main steam flow around the turbine directly to the -
condenser Operauonal condmons that can result
1n excessive RCS energy are: :

i N =7, 4

1. Load rejection or turplné trip,
iReact_(z)r':trip, EE
. “Reactor start(-tlp or o
Plant cooldown.

A load rejectron isa complete or partial loss of
electrical power generatlon It is desirable to
1mmed1ately reload the turbine generator follow-

_ing a’load reJectlon in order to restore ‘the unit- - -

_output to norrnal Slnce electrlcal generatxon is
propomonal to turbme steam ﬂow -a load ‘rejec-
llOl’l ‘Tesults”in 'excessive RCS energy - If- this

excesswe energy is not removed, a hrgh pressur- -

lZCI’ ‘pressure trip wrll result and the ability to
1mmed1ately reload the turbme w1ll be lost

STEAM- DUMP AND BYPASS.

. Descnbe how over-pressunzatlon of the'

* "When the reactor trips, the turbine also trips.
‘The tripping of the turbine drops the heat removal
- from the RCS to zero (0)." If the reactor trips from
-100% power steam generator pressure approaches
a value that corresponds to saturation pressure for

= 572°F. This pressure is in excess of 1200 psia and
.~ would lift .all of the main steam safety valves.

‘Therefore, the SDBCS is designed to remove this
“excessive energy and restore RCS temperature to
“the no load value of 532°F followmg a reactor

’ tr1p : : - -
Thus far, .only upset conditions that cause
excessive: RCS energy have been discussed.
* However, during a reactor start-up, reactor power
is increased ‘while turbine power (normal heat
removal) remains at a value of zero. This increase
- in reactor power causes excessive RCS energy
 that is removed by the SDBCS. Excessive RCS
energy during a reactor startup is required for two
"(2) reasons. First, as-the SDBCS removes energy,
'a constant steam flow (for a given power level) is
“established. -In order to maintain steam generator
~level, an increase in feedwater flow is required. If
* the "power - escalation is performed in .a -slow
- orderly fashion, manual control of feed water is
- easier. Also, the escalation of reactor power to a

7 pre-determined value (8-10%) provides sufficient

energy for turbine warmup, roll 'to synchronous
speed, and initial loading. As the turbine is
loaded, the SDBCS wvalves-will close and energy
removal from the RCS will remain constant until
turbine load exceeds reactor power.
The final function of the system involves the
-- removal - of . excess energy during a plant
-cooldown. During thS evolution, RCS’ tempera—
. ture is reduced to the shutdown cooling initiation
,point by dumpmg steam to the condenser or to the
atmosphere ] ) | .

8.2 SDBCS Components

In order to accomplish the functions previ-
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ously discussed, the SDBCS controls six (6)
valves that are divided into two (2) groups. The
first group is the bypass group consisting of four
(4) valves. These valves bypass main steam flow
around the turbine. The bypass valves have a total
capacity of 40% of rated steam flow, and are
connected to the main steam header downstream
of the main steam isolation valves. The second
group of valves are called the dump valves and
release steam directly to the atmosphere. The two
(2) dump valves have a total capacity of 5% of
rated steam flow, and are connected to the main
steam headers upstream of the main steam safety
valves. Each of the dump valves has an
associated isolation valve located between the
dump valve and the main steam header.

The total steam flow handling capacity allows
the SDBCS to control secondary steam pressure
without requiring operation of the main steam
safety valves. The bypass valve operation is
sequenced to prevent abrupt changes in RCS heat
removal. In the event of a loss of condenser
vacuum, the turbine bypass valves close automat-
ically. The atmospheric dump valves are designed
to remove reactor decay heat when the condenser
is not available. The SDBCS valves are designed
to withstand a maximum steam pressure of 1000
psig at S80°F.

8.3  SDBCS Operations
(Figure 8-1)

8.3.1 Load Rejection

Assume the unit is operating at full electric
output and the control element assemblies (CEAs)
are in the automatic sequential mode of operation.
For some unknown reason, electrical load is
reduced by 40%. When the step change in
electrical load occurs, the turbine control valves
will close to prevent a turbine overspeed
condition. As the turbine control valves close,
steam flow decreases rapidly which leads to an

increase in steam pressure. The bypass valves will
be sequentially opened as steam pressure
increases (depending on the amount of pressure
increase). When steam pressure exceeds 895 psia,
the bypass valves begin to open. The bypass valve
pressure controller generates an output signal
proportional to secondary pressure over the range
of 895 to 905 psia (for a setpoint of 900 psia).
Meanwhile, the CEAs are being inserted by the
reactor regulating system (RRS) due to the
mismatch between reactor and turbine power. As
the CEAs add negative reactivity, reactor power is
reduced. With the SDBCS valves open, the
reduction in reactor power causes a reduction in
steam pressure. As steam pressure decreases, the
pressure error gets smaller and the bypass valves
start to close. These actions will continue until
the RRS restores Tavg to the proper value for the
corresponding power (turbine load).

8.3.2 Turbine Trip

The steam dump controller generates a
suppressed range signal, Tavg error, which is
proportional to actual Tavg minus 532°F. Upon
receipt of a turbine trip, the dump controller signal
opens the atmospheric steam dump valves,
and a simultaneous signal is applied to the turbine
bypass auctioneering circuit to open the bypass
valves. The position of the SDBCS valves is
proportional to the signals applied to them, which
provides a controlled discharge of excess pressure.
The magnitude of the programmed Tavg error
signal is directly proportional to the amount of
heat energy stored in the reactor coolant.

When the reactor is operating at approximate-
ly 8% power (Tavg ~535°F), the programmed
Tavg signal magnitude is minimum. At 63%
power (Tavg ~ 557°F) the programmed Tavg error
signal magnitude is maximum. When the turbine
trips while reactor power is between 8% and 63%,
the programmed Tavg error signal is applied
through the main control circuits to the current to
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pneumatic signal (I/P) converters, resulting in a
similar response. of the system with the CEA "

1nterface as dlscussed 1n section 8 3 1 e

LR o R -

: When the main turbme trlps whrle the reactor -’
1s operatmg above 63% power, the RRS supplies a*
qulck open (QO) srgnal to energize the solenoid
dump valves. When ‘the’ solenoid valves are-

. energrzed the pneumatic signals from the current )

to pneumatlc ‘converters are isolated and a higher® -

. a1r pressure from the ‘instrument air system is

' apphed to ‘the dump valve actuators through the
solenoid valves. This causes the dump valves to
rapidly move to their fully open position. '

©8.3.3 Reactor Trrp ] -

“If a load reJecuon ‘occurs which is in excess of

- the capacity of the SDBCS,  the resulting

- temperature “and pressure ‘transient will cause a
" reactor trip.. When the Teactor trips, a turbine trip
signal is generated, closingall the turbine control
“valves. If Tavg is above 557°F with a turbine trip
present 'a quick open srgnal is generated a

- The actuation of the SDBCS valves following
a reaetor trip causes Tavg to decrease. Once Tavg
drops below 548°F, the solenoid valves are de-
-energized (QO signal cleared), allowing the

i programmed Tavg error ‘'signal to assume ‘control

The release of secondary steam flow to the -
atmosphere through the steam dump valves-
following a reactor trip causes Tavg to decrease. -
Once Tavg drops below approximately 548°F, the’
solenoid valves are deenergized (QO signal *
cleared), allowing the programmed Tavg error
signal to assume control of dump valve position.
The programmed Tavg error signal continues to~
vary directly with Tavg. As Tavg decreases ¢
toward 535°F, the steam dump valves move
proportionately toward their shut position. Once
Tavg drops below 535°F, the dump valves are
fully shut. Should Tavg begin to increase above
535°F, the dump valve controls hold the valves
shut until Tavg reaches 540°F, at which time the-
dump valves are reopened by an amount corre-
sponding to the strength of the programmed Tavg
error signal.

The programmed Tavg error signal continues
to position the valves as previously described. The
automatic positioning of the steam dump valves is’
referred to as modulating the valves.
controller is in manual, the positioning of the

dump valves is controlled by manually adjusting -

the amount of current applied to the converters. ™

When the i~

for the position of the SDBCS valves. - The Tavg
“error signal continues to vary directly with Tavg.
As Tavg decreases toward 535°F, the steam dump
valves are modulated toward the closed position.
Once Tavg decreases below’ 535°F, the steam
“ dump valves are fully- closed. Should Tavg begin
to increase, and again:go above 535°F, the steam
"dummp controls hold the ‘dump valves closed until
"Tavg - reaches 540°F. This Five -degree (5°F)
deadband allows the bypass valves (if available)
to control the heat removal based on pressure,
which minimizes ‘the..amount .of secondary
inventory lost to the atmosphere. If Tavg reaches
.540°F, the steam dump controls reopen the dump
* valves by an amount corresponding to the strength
of the Tavg error srgnal
The automatic -positioning of the valves is
referred to as modulating the valves. At the end
7of the transient, steam pressure should equal about
900 psia which-corresponds to an average RCS
temperature of 532°F.
-8.3.4" Startup o

e g

'~ Before ‘the reactor can be taken critical, the

. RCS'is heated up to no load temperature by the
* “operation of the reactor coolant pumps. As the
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pumps add heat energy to the steam generators,
steam pressure increases. When steam pressure
tries to exceed the SDBCS setpoint of 900 psia, an
error signal will be generated. The error signal
will cause the bypass valves to open and will
maintain steam pressure at 900 psia. As reactor
power is escalated, Tavg increases. The increase
in temperature tries to raise steam pressure,
however, the error signal from the pressure
controller increases. The increase in the error
signal will cause the bypass valves to open further
and steam pressure will remain at 900 psia.

As the turbine is loaded, steam flow increases
and steam pressure tries to decrease. The decrease
in steam pressure will be sensed by the SDBCS
and the pressure error signal to the bypass valves
will decrease. The decrease will continue until the
SDBCS valves are fully closed and all the steam
flow is being directed through the turbine. In the
event of a loss of condenser vacuum, the turbine
bypass valves close automatically and the
atmospheric steam dump valves open, exhausting
steam to the atmosphere and  maintaining
temperature between 535°F and 540°F.

8.3.5 Plant Cooldown

When the reactor is shutdown; and being
maintained in a hot shutdown condition, the steam
dump and bypass controllers remain at their
normal setpoints. In order to decrease RCS
temperature, steam from the steam generators is
dumped to the condenser. The operator takes
manual control of the steam pressure controller
and increases the output of the controller. The
output is routed to the I/P converter and the
bypass valve(s) will achieve the desired position.
Remember that the rate of RCS cooldown is
limited by plant technical specifications. RCS
temperature is reduced by manual operation of the
SDBCS valves until the proper temperature is
obtained for shutdown cooling system operations.

84  Summary

The purpose of the SDBCS is to remove
excess energy from the RCS by dumping steam to
the atmosphere and/or bypassing steam to the
main condenser. Excess energy can be caused
during load rejections, turbine trips, reactor trips,
reactor start-up or plant cooldowns.

The system consists of six (6) valves. Four (4)
valves are bypass valves and have a total capacity
of 40% of rated steam flow. Two (2) valves are
dump valves and have a total capacity of 5% of
rated steam flow.
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~_EXCORENEUTRON -~
' MONITORING SYSTEM

Learning‘Olt)jec.tives:

-

instrumentation _system.

2 Explam the basrc operatlon of the followmg
excore neutron detectors and state the detector
type used in each range of the excore neutron
momtonng system -

“a. BY proportlonal counter
b. Fission chamber
c. Uncompensated Jon chamber
3 Descrtbe the followmg excore nuclear instru-
mentatlon system mterfaces and interlocks:

a. Wrde range loganthrmc channel hlgh
. voltage interlock

"b." Wide range logarithmic channel and linear
power range safety channel overlap
c. .Wide range channel and linear. power
Nrange safety channel reactor protectton
. system (RPS) inputs.
.d. Non-safety 'related linear ° power range

safety channel interfaces.

4. Explain how the excore nuclear instrumenta- -
tion is capable of detecting both radxal and
axial power distributions. -

5 Explam how the lmear power range safety
_ channel is " calibrated ‘to indicate reactor
thermal power. ’ -
6 Llst the powcr range lmear control channel
outputs

$

1. List the purposes of the excore nuclear

- 911 Introductlon T -

i

* The purposes of the excore ‘'neutron momtormg
system are: e

1. "To monitor neutron flux from 'the source
i~ level to 200% of full power i

To provide indication in the control room of
neutron power and-the rate of change of
neutron power.

2.

To provide power level signals tothe -
reactor regulating system (RRS).
To provide power level signals and the rate of
change of power signals ‘to the reactor protec-
tion system (RPS).
To provide information on axial power
“*distribution to the control room and the RPS.

Lt

" The excore neutron monitoring system .senses
-* leakage neutron levels from 10°% to 200% power.
" In order to accurately cover this enormous region,
the excore system -is divided into the wide range
logarithmic and linear power. range safety
channels. In addition, a non-safety related power
range linear control channel is provided. The wide
- range logarithmic channel provides indication from
10°% to 200% power and also provides start-up
rate indication and inputs to the RPS. The linear
power range safety channels provide-indication of
" ‘power from one percent (1%) to 200% power and
supplies trip signals to the RPS. Finally the power
range linear control channel provides indication of
“reactor power :from one percent -(1%) to 125%
* power and ‘supplies an input to the reactor regu-
‘lating system (RRS)

[

The w1de range loganthrmc channe]s and the
" linear power range safety channels are successively

" USNRC Technical Trammg Center
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overlapped to prevent a loss of indication when
one range is operating at the high end of its scale,
and the next range is operating at the low end of
its scale. The three (3) excore channels and their
overlapping regions of indication are shown in
Figure 9.1-1. Redundant safety channels are
installed to assure protection and indication in the
event of a single channel failure.

9.1.2 Detector Theory

Radiation can be placed into three basic
categories:

1. Charged particles (alpha, beta, protons),
2. Uncharged particles (neutrons) and
3. Electromagnetic radiation (gamma rays).

For most radiation detection systems charged
particles are collected within a detector. These
particles are either counted or measured to provide
a usable output signal. Since only charged
particles can be detected, neutrons must interact
within the medium of the detector to produce
charged particles.

A gas detector curve (Figure 9.1-2) shows
how ion pairs collected varies with the applied
voltage. A charged particle ionizes the gas within
the detector which produces ion pairs. The
positive charges are drawn to the negative voltage
electrode while the negative charges migrate to
the positive electrode.

In the recombination region (regionI), the
charge current will increase as the applied voltage
is increased because less ion pairs are capable of
recombining with higher voltage.

In the ionization chamber region (region II),
the ions move too fast for recombination to occur.
The charge current is constant because all ion

pairs produced are collected. The gas ampli-
fication factor in this region is unity. The power
range linear safety channel and linear control
channel uncompensated ion chambers operate in
this region. Also, the wide range logarithmic
channel fission chamber operates in this region.

A further increase of applied voltage will cause
a proportional increase of ion pairs collected in the
proportional counter region (region III). The
proportional increase is a result of the original ion
pairs causing secondary ionization or an avalanche
effect. The gas amplification factor can be as high
as 10° in this region. The B'® detector used in the
wide range logarithmic channel operates in the
proportional counter region.

Eventually the gas amplification will become
space charge limited at the electrodes with an
observed fall off of the proportional relationship
between ion pairs and applied voltage. The fall off
occurs in the limited proportional region (region
IV). Region IV is seldom used in radiation
detection.

The Geiger-Muller region (region V) is where
the detector current is independent of the primary
ion pair and incident radiation energy level. The
detector completely discharges for any ion pair
formed. Some portable gamma detectors operate
in region V.

9.1.3. Detector Locations

The excore neutron detectors are located in
wells external to the reactor vessel. The location of
the detectors in, or next to, the biological shield, is
illustrated in Figure 9.1-3. The arrangement
provides radial and axial symmetry about the core.
It should be noted that a wide range logarithmic
and a linear power range safety channel is located
adjacent to each core quadrant. The wide range
logarithmic channel detectors are at or near the
core center line. One of the linear power range
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‘safety channel detectors extends axially along the

lower half of the core while the other, which is
located dlrectly above it, monitors flux- from the -
upper half of the core. - ! -‘

9. 1 4 Wide Range Loganthmlc Channel
Basrc Descnptlon

" ‘The four “4) wxde range loganthrmc channels

-anode. * The resultant output of the detector is an
electrical pulse. Gamma rays also react with the
detector’s-boron lining. - -Gamma rays react with
-matter through Compton’s scattering,-the photo-

- electric effect, and pair production. Each of these

prov1de indication of power level from ‘the source ’
] levels (0.1 counts per second) to’ 200% power.

However, only the range from one-tenth (0.1) cps

" t0150% power is drsplayed in the control room.

Two (2) different ’ types of detectors, two (2)
" circuits, and two (2) mdrcatmg ranges are requrred

- to cover thrs large range of neutron flux. Each of

,
-

:
ER

“'the channels is’ supplied with inputs from B'
proportional counters and a fission chamber. The =
input signal is processed by a pulse counting”:
circuit and a campbelling circuit. Finally,- the -
indication from the wide range logarithmic

channelg 1s drsplayed in counts per second (cps)A

and percent power
9 1 5 Wlde Range Loganthmlc Detectors

) In the source level and low power region, the -
_ wide range logarithmic channel utilizes'a B

proportronal detector to enhance the sensitivity of
_the channel. “The B" detector is more sensitive

o than the ﬁssron chamber in this area of operation. -

The Blo detector (Figure '9.1-4) consists of a
centra] “anode surrounded by an aluminum -

cylmder The 1n51de of the alufninum cyhnder is’
“When a neiitron enters’ the’

“coated with’ B
detector, ‘it reacts with the- boron producrng an’

alpha particle and a- lithium *nucleus.” These

partlcles are created with a kinetic energy of 1
between 2 3 and 2.78 MeV. As thése highly
energetrc partrcles travel through ‘the gas™ con-
tamed within the detector assembly, many ion

il

palrs are created The posmve charges are ‘drawn :

.....

mechanisms produces :an electron, ;therefore, . the
charge produced inside of the detector by second-
- ary ionization is small. . - . - ;- :

__ Each channel contains two-(2) B!, assemblies
with four (4) detectors in each assembly. The four
(4) detectors are ‘connected .in parallel to increase
channel sensitivity. ~ The output. from the
proportional counters is used in the extended range
of indication. The extended range-corresponds to
flux levels from 10°% power to 10*% power.
Extended rangeindicating lamps, located-on the
- RPS cabinets, are energized when power level is in
.this range. High voltage to.the B' detectors is
- removed - when -power reaches 1000 counts . per
_second (~107% power). The. removal of hrgh
voltage prevents damaging the detector due to the
large number of ionizations occumng

In addition to the B'° proportlonal detector
- input,-each- wide range logarithmic channel also
receives an input .from a .fission chamber The
fission chamber (Figure 9. 1-5) i is mternally coated
with uranium oxide that has been enriched to
. greater than 90% U When a neutron enters the
-detector, a fission reaction . . OCCUrS. Thrs reaction
“results in two highly charged ﬁss1on fragments
‘that ‘create --secondary . ionization in, the argon-
-nitrogen fill gas and a charge is generated The
output of the fission; chamber is used in the pulse
- counting circuit and the Campbellmg crrcurt ‘
--9.1.6 * -Wide Range Logarithmic | Power

Clrcmtry (Figure 9.1-6) -

‘9. 1 6.1 - Charge Amphfier and .
i Preamphfier

The outputs of each :proportional counter
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assembly and the fission chamber are fed individ-
ually to a charge amplifier and then to a preampli-
fier located in the containment building. A charge
amplifier for each input signal is provided to
minimize the effects of combined detector capaci-
tance on the signal characteristics.

The pre-amplifier increases the signal to noise
ratio of the detector outputs and transmits the
signal to the RPS cabinets located in the control
room. Provisions are made to insert a test signal
to check pre-amplifier calibration and cable
continuity.
9.1.6.2 Pulse Counting Circuitry

The log count rate circuitry consists of a
discriminator, a log count rate amplifier, and
receives its input from the preamplifier. The
discriminator functions to remove gamma and
noise from the input signal. Since the gamma
pulse is approximately one-sixth (1/6) the size of
the neutron pulse, elimination of the signal is
accomplished by setting a minimum voltage level
for processing. This minimum voltage level is
greater than the voltage pulses due to gammas and
noise; therefore, only the neutron signal passes to
the log count rate amplifier.

In addition to supplying an input to the log
count rate circuit, the discriminator also supplies
an output to the audible count rate indication. The
audible count rate circuitry may be supplied from
any one of the four (4) wide range logarithmic
channels and consists of two (2) speakers (one in
the control room and the other in the containment
building) and an audio amplifier. The audible
count rate is proportional to the neutron flux being
sensed by the detector and can be divided by a
frequency select switch. Thus, the final audio
tone varies with the count rate and the frequency
division selected. The audible count rate circuitry
is required to be in operation during refueling and
may be used during reactor start-ups.

The log count rate amplifier converts the
neutron pulses into a logarithmic signal. A
logarithmic signal is required to allow accurate
resolution of the wide range of neutron flux
indication.

The output of the log count rate circuit is
routed to an indicator and a summing amplifier.
The indication provided by the output of the log
count rate circuitry is calibrated in counts per
second (cps) and has a range of one-tenth (0.1) to
10°cps. The indication is actually one-half (1/2) of
a dual indicator that is shared with the
Campbelling circuitry. The left hand side of the
indication is calibrated in cps, and the right hand
side is calibrated in % power with a range of 10® to
150%. Indicating lamps are energized to inform
the operator of active circuitry.
9.1.6.3  Campbelling Circuitry

The campbelling circuitry consists of a
bandpass amplifier, a root-mean-squared (rms)
voltage amplifier, and a logarithmic amplifier.

The campbelling circuitry makes use of a
condition called pulse pileup. The pulses are
occurring at such a rate that they are piling on top
of one another. If the output of the preamplifier is
examined, one would see an erratic wave form
with peaks and valleys. The higher the power level,
the larger the amplitude of the peaks and valleys
from the mean. If an rms voltmeter is used to
measure the resulting ac voltage at the output of
the preamplifier, it would be found that the ac
voltage squared is proportional to power
(Campbell’s Theorem).

The bandpass amplifier is used to set the initial
operating point of the campbelling circuit. This is
accomplished by setting the frequency of the ac
voltage that will be passed to the remainder of the
circuitry. From the bandpass amplifier, the signal
is routed to the rms amplifier where the signal
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becomes proportronal to power The logarithmic ' the remainder -'of the wide range logarithmic
arnphﬁer is used to convert the output of the rms channel circuitry. © The campbelling circuity
amphﬁer to'a loganthrmc SIgnal "A logarithmic functions to provide flux indication from 102 to

signal is requlred to allow accurate resolution of
the wide range of neutron ﬂux indication: - The
campbelhng circuit is 'used when flux levels are

between 102% and 150% power. The output of = 7

the campbellmg circuit is combined with the
_ output of the pulse countmg c1rcurt in the
sumrmng amphfier S

&

T 9164 'Summing _Amplifier- R

The summing amplifier combines the output

‘ of the pulse countmg circuit with the campbelling -
) " circuit and supplres a rate circuit and two (2)

brstables “The output of the summing amplifier is
“also supplred to a selector switch that is used to
select the desired wide range logarithmic "signal
for display on a control room recorder.
:9.1.6.5 Circuit Summary

When the reactor is shutdown and the neutron
flux ‘is at the source level, the wide range
loganthnuc channel is receiving its input from the
B - proportronal detectors, processing its input via

_ the pulse counting circuitry, and displaying its
output on the dual mdlcators The dual mdrcators

" are 1nd1catmg power level on the extended range

_ (cps). A typrcal reading for this condition is 10 to
30 cps. . The next evolution is to take the reactor
critical by CEA withdrawal. As the "critical ”
_approach is "made, ﬂux mcreases and the fission
. chamber begins to contribute to the pulse counting”’
circuit’s display.. At 1000 cps, the B'® detector
hlgh voltage is removed and “the ‘dual indicators
_are shifted to the % power display. At this point,

the ﬁssron chamber is supplymg ‘the entire pulse
) countmg crrcurt mput

This ‘mode of operatlon

_“continues until power is escalated to 10%%. At’

102%, the pulse counting circuit begins to

saturate, and the campbelling circuit will provide ~

flux information, via the summing amplifier, to

150% power.

v

9 1.6. 6 Rate Amplifler

* The raté amphﬁer differentiates the logarithmic
power srgnal obtained from the summing amplifier
to provide a rate of change of reactor power

'- (startup rate) to’ indication and protection circuits.
" Startup rate indication with a metér range of -1 to
+7 decades per minute (DPM) -is -provided on
" indicators in the control room ‘and RPS cabinets.

A high startup rate reactor trip will be-gener-
ated if the start-up rate exceeds 2.6 DPM and
reactor power is between 107% and 15%. A 'pre-
trip and associated control element assembly

"~ withdrawal prohibit (CWP).is generated if start-up

"rate exceeds 1.5 DPM.- Safety.analysis does not
~take credit for the CWP; therefore, it is not safety
“related. - SRR I -

e N vroe - ~

" 9167 Blstables -;;?, -

Three (3) brstables two of which receive
inputs from the "summing amplifier. and one
bistable receives.its input from the pulse counting
circuitry, are used in each wide range logarithmic
“channel. The functlon of each bistable is listed
below B s
The Level One Brstable deenergrzes when reactor
power “is ‘above 107%.--~When the bxstable de-

energizes, the following occurs:

‘1. The “reactor "~ protection -.system (RPS) zero
'power -mode “bypass--is removed. - The zero
- power mode bypass inhibits the thermal margin

“low ! pressure (TMLP) :and -low RCS flow
* reactor tnps -

2. The AT power block is cleared If the AT
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power block is in effect, the selection of
AT power by the TMLP calculator is
prevented.

3. The TMLP CWP is enabled.

The Level Two Bistable deenergizes when
reactor power is above 10°%. When the bistable
de-energizes, the startup rate trip is enabled.

The Level Sense Bistable deenergizes at
1000 cps. When the bistable deenergizes, high
voltage is removed from the B' proportional
detectors and wide range logarithmic indication
shifts from the cps mode to the percent power
mode.
9.1.6.8 Calibration and Testing

All of the wide range logarithmic circuitry,
with the exception of the detectors and preampli-
fier, is located in the RPS cabinets. The calibra-
tion and test circuitry is also located in the RPS
and consists of an operate - test selector switch, a
six (6) position selector switch, a test trip selector
switch, and a rate calibrate switch.

The level circuitry is tested by selecting six (6)
discrete signals with the six (6) position selector
switch. The signal is generated by a crystal
oscillator in the wide range logarithmic RPS
drawer. The switch is selected to the desired
position, a signal is injected by the oscillator
circuitry, and the indication is monitored to
determine if the circuitry responded correctly to
the injection of the test signal.

In the operate position, the trip point of the
startup rate bistables may be tested utilizing a
signal through a separate trip test switch. The
startup rate circuit is checked by taking the rate
calibrate switch to calibrate and observing a
+7DPM meter indication. Leaving the switch in

the operate position and utilizing the trip test
switch, a ramp signal is used to check the set points
of the of the startup rate pre-trip and trip bistables.
9.1.7 Linear Power Range Safety
Channels General Information

The four (4) linear power range safety channels
are capable of measuring flux linearly over the
range of 0% to 200% power. The detector
assembly consists of two (2) uncompensated ion
chambers for each channel. The upper and lower
detectors have a total active length of 12 feet. The
dc current signal from each detector
is fed directly to the RPS drawer without pre-
amplification. The RPS drawer contains two linear
amplifiers, a power summer amplifier, a deviation
comparator, a comparator averager, subchannel
comparators, and two (2) bistables.

9.1.8 Uncompensated Ion Chamber

The uncompensated ion chamber, Figure 9.1-7,
is boron lined and detects neutrons by (n,a)
reaction with ,B'®. Gamma rays produce a signal
through the three (3) gamma ray/matter
interactions. Gamma compensation is not required
in the power range because the neutron signal is
much larger than the gamma signal, and the
gamma signal is proportional to power in the
power range. As mentioned earlier, each of the
four (4) channels use two (2) uncompensated ion
chamber detectors. These two (2) detectors are
positioned so that one (1) detector senses neutron
flux from the bottom half of the core, and the other
detector senses neutrons from the top half of the
core. Since one detector is located on the top of
the other, the linear power range safety channel
circuitry can provide an indication of axial flux
distribution as well as total power. Radial flux
distribution can be determined by comparing the
output of the four linear power range safety
channels.
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919

Linear Power Range Safety *
Channel Cll‘Cl.lltl'y (Figure 9. 1-8)
9.1.9.1 ° “Linear Amplifiers

) Each of the detectors associated with the
lmear power range safety channel supphes a linear
: amphﬁer ‘The ‘linear -amplifier increases the
. magmtude of the detector ‘signal.’ Local meters
" _‘monitor the output of the linear amplifiers and are

- calibrated 'to Tead zero (0) to 200% of the individ- *

ual detector output “At 100% power, both meters
‘will read 100%, assuming that a symmetrical axial
flux distribution exists. In addition to supplying
local power indication, the output of the linear
amplifiers is routed to: ~ " ' ”

. 1. The power summer (The average of the lower
detector output and the upper detector output)

"2, The signal -deviation comparator’ (lower
”detector output upper detector output) and

3. The subchannel comparators.
’ _9:1.9l2 _ ’Power S_umrner

The power summer accepts the output signals
from the two linear amplifiers, sums the signals, "-
divides the sum by two, and provides an output to:
1. TMLP reactor trip calculator,
2. Local poufer density :(LPD) calleulator,
Level 1 bi_stable (> 15%), )
Rod drop bistable and

The comparator averager.

brated by performmg a secondary heat balance.

: " 9.1.9.3
The summmg amphﬁer is penodlcally cali- '+ - :

< This heat balance measures the power depos-

“ited in'the steam generators by the reactor coolant

system. The calculation-involves determining the

.- difference in the enthalpy (h) of the steam:genera-

tor feedwater and the enthalpy of- the .steam
generator exit steam.. Multiplying this Ah by the
mass flow rate converts the steam generator energy
to steam generator power. Once actual power is
known, the gain of the summing amplifier is
adjusted to reflect actual power.

- The output of the power summer is eomparcd

< with-AT power in the TMLP calculator and the

higher of the two (2)- power signals is used i in the

- .calculation of the TMLP trip set point and in the
- variable over power trip (VOPT).

The output of the power summer is also
supplied to the linear power density (LPD)
calculator. :The LPD calculator uses the signal in
the calculation of axial shape index (ASI) and in

.'the determination of the LPD trip set point.

N

ot There are two blstables that are controlled by “

“the output of the summing amphﬁer

L4

The Level 1 Blstable deenerglzes above 15%

- power to enable the LPD and loss of load reactor

tnps and inhibit the high startup rate reactor tnp

The Rod Drop Blstable senses ".a rapld
decrease in power by comparmg the present power

- .to power that has been processed through a time

delay circuit. If the change is large enough (>4%
in a 4 second period), the bistable trips. When the

" ‘bistable trips, an automatic withdrawal -prohibit

(AWP) signal is transmitted to the control element

~drive control system and control room alarms are

annunciated. The AWP is not safety related

Deviation Comparator

...The" deviation comparator circuit . accepts

- outputs from both linear amplifiers, determines the

v - - e wora e .-
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difference between the output of the linear
amplifiers, divides the difference by two (2), and
transmits the resulting signal to the LPD
calculator. The deviation comparator output is
used by the LPD calculator to generate ASI. The
ASI signal is used in the calculation of LPD.
9.1.94 Comparator Averager

The comparator averager receives inputs from
the power summer of all four (4) linear power
range safety channels and averages the signals.
The average signal is supplied to the subchannel
comparators where it is compared with the output
of each linear amplifier. Local and control room
annunciators are actuated if the deviation from the
average exceeds a pre-determined value. This is a
non safety-related signal.
9.1.9.5  Calibration and Testing

Each linear power range safety channel is
equipped with two (2) switches and associated test
circuitry which verifies the accuracy of the meter
circuitry and allows testing of trip set points. The
switches are located on the linear power range
safety channel drawer. The level calibrate switch
is a three (3) position switch (operate, zero, and
calibrate) that is used to verify meter accuracy. In
the operate position, detector input is supplied to
the channel. The zero position is used to verify
the meter indication for zero input. The calibrate
position supplies a 200% signal used to verify
meter full scale indication.

The trip test switch is a combination switch
and potentiometer which adds a signal to the
detector input signal to allow testing of the power
range trip set points.

When either of the two (2) switches associat-
ed with the linear power range safety channel is
placed in an abnormal position, an interlock trips
the high voltage bistable. When the high voltage

bistable is tripped, the TMLP, LPD, and VOPT
reactor trips are deenergized.
9.1.9.6 High Voltage Power Supply

The high voltage power supply converts the
drawer voltage into a high voltage dc output used
for powering the uncompensated ion chambers.
Each linear power range safety channel drawer is
equipped with a zero (0) to 1000 Vdc meter which
displays the power supply output. The high voltage
can be adjusted from 450 to 1000 Vdc and is
normally set at 750 Vdc. If voltage drops to 700
Vdc, the high voltage bistable trips.
9.1.10 Power Range Linear Control
Channels

The two (2) power range linear control
channels (Figure 9.1-9) are identical to the linear
power range safety channels except for the channel
outputs. Each non-safety related control channel
supplies a signal to the RRS and a recorder in the
control room.

In the RRS, control channel power is compared
with turbine power to generate a power e€rror
signal. The rate of change of power error is used
as an anticipatory signal for CEA motion.

Two (2) control room recorders, one (1) for
each power range control channel, are installed to
display power level. In addition to nuclear power,
each recorder also displays AT power from the
RPS channel A TMLP calculation.

Separate control channel upper and lower
detector signals are sent to a power ratio calculator.
The power ratio calculator provides two functions:

1. The power ratio calculator calculates a backup
indication of ASI from the control channel
input. ASI is defined as (flux in the bottom one
half of the core minus flux in the top one half
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of the core divided by total flux). The
power ratio calculator  supplies the ASI
signal to a control room recorder.
Potentiometers associated with the
recorder allow the operator to set reference
values and deviation limits for the ASI
signal. The limits are derived from figures
of allowable ASI in plant technical
specifications.

2. Tt also selects the highest Q power (Q power is
the highest of AT power or nuclear power
from the four (4) LPD calculators). The power
signal is used to generate  pre-power
dependent insertion limit (PPDIL) and power
dependent insertion limit alarms (PDIL).
These alarms help  ensure that the CEAs
are maintained at the proper position

9.1.11 Summary

The excore neutron monitoring system
consists of the safety-related wide range logarith-
mic channels, the safety-related linear power
range safety channel, and the non-safety related
power range linear control channel. These
instruments provide indication of neutron power
from the source level to 200% full power. The
_wide range logarithmic power channel supplies a
high startup rate reactor trip signal to the RPS,
and the linear power range safety channel pro-
vides a TMLP reactor trip input, a high reactor
power reactor trip signal, a loss of load reactor trip
input, and an input signal to the LPD reactor trip.
The power range linear control channel provides a
power signal to the RRS and indication of ASL
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1

9.2 INCORE NEUTRON ' ~limits during this ' maneuverrn g of the control
o MONITORING SYSTEM element assembhes, ' T
: I:éarilir;g‘Ol;:ie'ctives: - 4. To provrde data for the evaluation of

therma] margms ‘in the core,

-

.. Descnbe the basrc operation of the incore

) neutron momtormg system (ICD). **'5." To provide data which will be usedto
R C venfy core power distribution is consrs-
2. Explairr the functions of the incore neutron o tent Wlth calculated values,

) rrionitori}ig system.' \ Lo b -
6. To provrde data to penodrcally normalize

3. Explam the functions of the core exit thermo- - the excore detector readings to assure that they
couple system (CET). indicate the correct top to bottom
] ' distribution ‘and ’ correct power drstnbutlon
9.2.1 Introduction among quadrants’ and ) i

EATARN Lo

. The mcore neutron momtonng system _ /- TO provide sig'n'é_ls' to’dlert the operator to
contmuously monitors the core neutron level to N abnormal or unexpected occurrences in "the
_provide information on the axial and radial flux core. T
distribution w1thm the core. The system conmsts

of a fixed incore detector system, core exit 9 22 Neutron Detectlon o
thermocouples, amplifiers ‘for both systems, and ~ - S
associated hardware with computer interfaces. In_ When the element rhodium is bombarded with
addition to sensing neutrons, the incore system Ca neutron’ flux, it becomes radioactive ‘and “will
also provides fuel assembly exit temperature decay by emitting a beta pamcle The reacuon

pV

measurements. , \ akes place as follows
) . . - TR . 103 ; )
The functions of the ICI system are as follows:, | 45 Rh orl - 4 Rh - '
‘1. To_ deterrmne the, gross power drstnbutron in_ 46Pd + 5 + energy e
" the core at different operating condmons over . . S -
the range from 10 to 125% average reactor : Furthermore, if the rhodium is insulated from
. POWET,. Ce L - electrlcal ground then thé emission of the beta

T . partlcle (electron) will -represent 2’ charge -defi-
2. To provide data to estimate the fuel burnup in  clency that is proportional "to the number of
each fuel assembly, - T neutron reactions. A method of measuring this

o ’ charge exists when the rhodiuin detector material

3. To provide mformatron to gurde the operation  is connected to ground, and the flow of electrons
of control element assemblies in the control of ‘required to replace the’emitted beta particles is
xenon oscillations and to ensure that power “measured. A simplified *version of " the " circuit

peaking factors do not exceed allowable " ‘needed to ‘accomplish -this function’is shown in
Figure 9.2-1. Since no external source of detector

ft

-
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power is required,. the neutron detector is self-
powered. The neutron detector response time is
proportional to the decay of the 4 Rh'% isotope.
The decay scheme for rhodium involves two half-
lives, and is illustrated in Flgure 9.2-2. The
majority (~93%) of the rhodium-neutron reactions
decay to palladium by beta emission in 42
seconds, while a small number of the reactions
(~7%) requires four and four-tenths (4.4) minutes
to complete the transmutation. As previously
stated, these two (2) half-lives effect the detector
response time, and are of particular interest during
changing neutron flux levels. As seen in Figure
9.2-3, approximately five (5) minutes is required
for the detector’s output to reach the new
equilibrium output if a step change in power (flux)
level occurs. This long time period precludes the
use of the incore detector’s output in core
protection systems.

The self powered neutron detector signal is
influenced by electrons from sources other than

the beta decay of 45 Rh'®, Gammas directly from

fission, fission ?roduct decay, or neutron capture
in the 45 Rh'® detector, produce electrons by
Compton scattering, the photoelectric effect, or
pair production. A background detector is
installed in the incore detector’assembly and is
used to correct the self powered neutron detector's
output for gamma induced current. The
background detector is subject to the same gamma
field as the neutron detectors. The plant computer
uses information from the background detectors to
correct the output of the detector signal for
gamma radiation.

9.2.3 Signal Processing ;

_.Each incore detector asserhbly provides
signals to the plant computer for analysis. Figure
9.2-4 illustrates the interface between the inputs

-

from the detector assemblies and the plant com-
puter, and is typical of all incore detector inpts.

The output current from the neutron detectors
and the background detector is routed through a
100,000 ohm resistor to convert the current signal
to a voltage 51gna1 The voltage output is supplied
to a multiplexor that connects a specific input
signal to an analog to digital converter. The
analog to digital converter changes the signal to a
digital voltage that is used by the computer. Since
the thermocouple output is a millivolt signal, a
direct connection can be made to the multiplexor.
9.2.4 Computer Processing

The plant computer utilizes the neutron and
background ‘detector inputs, constants, and

correchon factors to calculate neutron flux at 20,
40, 60 ‘and “80% levels of core height. The

_formula used to calculate neutron flux at a partic-

ular core elevation is:

0

o _=1 + [(S)L)Ks)(Kb)(Ko)]

Where:
I = the neutron detector input current.

S = the thermal neutron sensitivity of the ,5 Rh'®

detector and is equal to 1.15X10*'amperes/nv/cm.

L= detector Iength

Ki=a correctlon factor for the decrease in ,sRh
due to detector burnup.

Kb = a correction factor for the effects of Y. B
reactions. K, is calculated by the plant computer
using the signals from the background detector.
K, = a correction factor for the effects of the
change in neutron energies over core life. As the
neutron energy changes, the 45Rh]03 absorption

103

“cross section changes.
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. The computer uses the calculated neutron flux
(d)) in a resident program called INCA (CENPD-
145 provrdes .a’ detailed descrlptron of INCA
software).

azrmuthal power t11t (T q)

Azrmuthal trlt is calculated from the output of
symrnetrlc detectors and is deﬁned as the maxi-
" mum drfference between the power generated in

.any core quadrant (upper or lower) and the’
average power in that half (upper or lower) of the *
. core. Although the” deﬁnrtron is wordy, it isnt”

drfﬁcult to calculate the value of azrmuthal tilt.

Assume that the’ followmg numbers are values of -
power in each quadrant in the upper one half of’

the core:

Quadrant l = 101%
y LQuadrant2 99% ’
~ "Quadrant 3'=96.5%

Quadrant4 99%

,The average power of all the quadrants is (101
“199496.5+99) + 4 = 98.875. The maximum
difference between the power generated in any
quadrant and the average power in all quadrants is
the difference between quadrant 3 and the
average quadrant power and is equal to 2.375%.

Plant technical specifications limit the value of -
~.."'or the LOCA acceptance criteria may not be met.

azimuthal tilt.

INCA uses azimuthal tilt and the axial power
calculations to calculate the hot channel heat flux,
peak pin power, and the radial peaking factors.

The radial peaking factors are the unrodded planar*
radial peaking factor (Fxy) and the unrodded ’

integrated radial peaking factor (Fr).

“integrated radial peaking factor, F"

unanalyzed situation.

. system. - -

The unrodded planar radial peaking factor
(Fxy) is defined as the maximum ratio of the peak
" to average power density. of the individual fuel

INCA calculates the power- in -’ rods in any of the unrodded horizontal planes,
uninstrumented fuel assemblies, the power in *
] multrple hotizontal core planes and the value of

excluding tilt. The total “planar radial -peaking
factor, F'xy, is a function-of the unrodded planar
radial peaking factor and azimuthal tilt (F'xy =
Fxy x (14Tq)) and is used by the INCA program
to calculateihot channel heat flux. Plant.technical
specrﬁcatrons also limit the value of the total

‘planar radial peakmg factor. - . -

.Y “ 1‘3
" The unrodded 1ntegrated radlal peakmg factor,
Fr,i is defined as the ratio of he peak pin power to

‘the average prn ‘power- in an unrodded core,

excluding tilt. * Again, . the total ‘unrodded

1, is a function

. of the unrodded .integrated ‘radial peaking factor

and azimuthal tilt (F'r =:Fr-x (1+Tq)). .- Plant
technical specifications also limit the value of the
total unrodded mtegrated radial peakmg factor.
The factors descnbed in the precedmg para-
graphs affect the core's heat flux and are assumed
values” in the: ‘calculations of- the- .specified
acceptable fuel design limits (DNBR and kW/ft.)
and the LOCA acceptance criteria. If these factors
are ‘less conservative ‘that the values used in the
calculations, the core ris. operating- in an
If a transient or accident
occurs, the specified acceptable fuel design limits

Periodic surveillances are performed by the
plant staff "to” ensure- that azimuthal tilt, : total
unrodded planar radial peaking factor and the

:unrodded .-integrated radial peaking factor are

within assumed values. Since the incore detectors

‘are used to determine these values, plant technical

specifications . require the operability - of the

USNRC Technical Training Center
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9.2.5 Core Exit Thermocouples

A cromel-alumel thermocouple is located at
the top of each incore detector assembly and
measures the temperature of the water exiting the
control element assembly (CEA) guide tube at 45
different locations. The. thermocouple has a
maximum operating temperature of 2300°F and
an approximate output voltage of 55 millivolts.

Each core exit thermocouple (CET) is located
in a CEA guide tube about one (1) foot above the
active core and is influenced by water that has not
passed along the fuel rods. Under full RCS flow
conditions, the CETs read about 10 to 15°F less
than' the Th indication. . Under reduced flow
shutdown cooling system.operations, conduction
of heat into the CEA guide tube causes the CET to
closely track the Th reading..

CET -temperatures are used-by the operating
staff during the implementation of emergency
operating procedures to determine:

1. Proper core cooling during natural circula-
tion events, -

2. Core subcooling margin duﬁné a loss of
coolant event and

3. Core uncovery (indicated by superheated CET
readings during inadequate core cooling
conditions.

9.2.6 Mechanical Construction

- The incore detector contains four (4) rhodium
"~ neutron detectors and one (1) Cr-Al thermocou-
ple. The four rhodium detectors have their centers
spaced at 20%, 40%, 60%, and 80% of the active
core height as seen in Figure 9.2-5.
Thermocouples are located at the top of the

detector assembly so they can measure the outlet
coolant temperature of the mstrumented fuel
assemblies. The arrangement of the incore
detector assemblies i is shown in Fxgure 9.2-6.

The detector assemblies are inserted through
the instrumentation nozzles. The assembhes go
into guide tubes and finally into zircalloy thimbles
within the fuel assemblies. The detectors have to
be bent (amount varies with different assemblies)
to reach the requrred thimbles. The detector is
located W1thm the core as shown in Figure 9.2-7.

,Durmg refuelmg, the detector assernbhes are

withdrawn into their guide tubes and are lifted out
of the vessel together with the upper . guide
structure by means of a lift rig.

9.2,7 Summary

The incore monitoring system provides
continuous information pertaining to axial and
radial flux distributions. This data is provided by
self powered rhodium detectors at various
locations throughout the core. In addition, fuel
assembly exit temperatures are measured to
provide temperature indications during emergen-
cies.
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"701 REACTOR PROTECTION
SYSTEM

N Learning Objectives:’

1. ‘St'até the purpose of the reactor protcctidn
system (RPS).

2. Define ihe term anticipated operational ‘
occurrence (AOO).

3 AExplﬂain )t;owi the fbllqwing design features
are incorporated into the RPS:

a.Single l;ailure Criterion
b.Testability
c.Redundancy

' 4 "Explain the bur’pasq of each reactor trip.

5 Explam how 'the two (2) out of four (4) RPS
tnp logxc 1s denved

" 6. Exp]am the reactor trip ci;cuit breaker (RTB)
- trip logic.

7. Explain the effect of placing a RPS trip in trip
inhibit.

8. List the that are

bypassed.

trips

9. List the trips that are bypassed by the zero
power mode bypass.

10. State the devices that are actuated by the
diverse scram system (DSS).

" 10.1.1 Introduction

The purpose of the RPS is to insure that plant
safety limits are not violated during AOOs. The
plant safety limits are departure from nucleate
boiling (DNB), peak linear heat rate (LHR), and

automaticallyk

" failure in

- reactor ‘coolant system” (RCS) pressure. The first

two limits protect the ‘cladding boundary and the
last limit protects the RCS boundary. AOOs are
defined as those conditions which are expected to
occur one or more times during thelife-of the
nuclear power unit. Examples of AOOs are

* turbine trips, loss of condenser vacuum, and a
" completc loss of off51te power .

The RPS consists of four (4) -separate

" channels ' with each of -the - channels -receiving

independent safety related input parameters. If any
two (2) of the four (4) channels sense that a
parameter is at set point, a reactor trip will result.
The two (2) out of four (4) reactor trip logic
combined with the :four -(4): separate inputs

' provide RPS redundancy and reliability. If only

one transmitter input system were used and the
transmitter failed in a non-conservative direction,
then the RPS would not trip the reactor.

The use of a two (2) out of four (4) system
using four (4) separate input channels as opposed
to using two (2) separate input channels and a one
(1) out of two (2) trip logic improves the ability of

.. the RPS to generate a reactor trip signal. In a one
* (1) out of two (2) system, however, if an input

signal ; fails in the conservative du'ccnon an

"“unnecessary reactor tnp wﬂl result. Also, durmg
_ testing of a one (1) out of two (2) system, the RPS

is reduced to a one (1) sensor system. The next
logical step would be the addition of a third
channel and a third sensor. If a two (2) out of
three (3) logic is used in this system, a signal
either the conservative or
non-conservative direction wﬂl ncnher generate
an unnecessary reactor trip nor prevent a needed
tl’lp -

As stated above, a two (2) out of three (3)
system will satisfy the requxrement of safety
function operability even in the event of a single
failure. However, a two (2) out of three (3) system
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loses some.of its desirable characteristics during’

testing. To test a two (2) out of three (3) system,
the channel to be tested is placed in a tripped
condition. Tripping a channel reduces the RPS to
a one (1) out of two (2) logic.

An additional channel and a two (2) out of
four (4) trip logic will have all the desirable
features of a three (3) channel system. One (1)
channel may be bypassed (instead of tripped) for
testing or maintenance. In this condition, the RPS
functions as a two (2) out of three (3) system.

To insure safety limit protection, the RPS
must fail to a safe condition upon a loss of power.
To meet this requirement, the RPS is designed as
a de-energize to actuate system.  If RPS power is
lost, a reactor trip will result. The RPS is powered
from four (4) separate 120 Vac inverter supplied
buses.

10.1.2 Purposes of Reactor Trips

10.1.2.1 Variable Overpower Trip
(VOPT) :

The VOPT provides core protection against
positive reactivity excursions that are too rapid for
high pressurizer pressure or the thermal margin
low pressure (TMLP) trip to protect against. The
following events require variable overpower
protection:

1. Uncontrolled CEA withdrawal event,

2. Excess load (excess heat removal by the
secondary), ‘ -

3. Excess feedwater heat removal event,

4. CEA ejection event and

5. Main steam line break outside of con-
tainment.

The first three (3) events are AOOs, and fuel
integrity is maintained. The fourth and fifth are
accidents and limited fuel damage may occur.

The VOPT ensures that the departure from
nucleate boiling ratio (DNBR), linear heat rate
(kW/ft) and RCS pressure safety limits are
maintained during normal operation and AOOs.
In conjunction with the engineered safety features
actuation system (ESFAS) the consequerices of
the main steam line break accident and the CEA
ejection accidents will be acceptable.
10.1.2.2  High Start-up Rate

The high start-up rate trip is used to trip the
reactor when wide range logarithmi¢ power
indicates an.excessive rate of change. The high
start-up rate trip provides a backup to the VOPT
to ensure that the DNBR, kW/ft, and RCS
pressure safety limits are maintained during start-
up conditions. The high start-up rate trip mini-
mizes transients for events such as a continuous
CEA withdrawal or a boron dilution event from
low power levels.

10.1.2.3 Low RCS Flow

The low RCS flow trip provides protection
during the following events:

1. Loss of RCS flow,
2. Loss of non-vital ac power,
3. Reactor coolant pump (RCP) seized shaft and

4. RCP sheared shaft.
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The loss of RCS flow and the loss of non-

vital ac power are AOOs, and the DNBR safety

~"-]imit is maintained. The seized RCP shaft and the
. “sheared shaft are acmdents that may result in fuel
- damage -

e N

" Thermal Margin Low "~
Pressure (TMLP) '

10124

f

The TMLP trip prevents exceéding the DNBR
safety limit during AOOs and aids the ESFAS

during certain accidents; =~ ) N

The following events require TMLP protec-

_tion:

’Sl.A‘Excess load (madvertent openmg of an

atmosphenc steam dump valve),

'2. RCS depreéssurization (inadvertent opening of
the spray, power. .operated relief valves, or .-
o pressurxzer safety valves) ;

‘ 3.’_"Stearn§enerator tube rupture and

". 4! Loss of coolant accident.

The first” two - (2) events are AOOs, and
DNBR i is mamtamed The third and fourth events

5
. are accrdents, and limited fuel damage may occur. --

10.1.2.5 Local Power Density (LPD)

The LPD tnp ensures that ax1a1 peaklng, such .
‘as that due to axial xenon oscrllatlons, w111 not
_cause fuel damage. It ensures that nelther a DNBR
less than the safety hrmt nor a peak kW/ft ‘which".
corresponds to the temperature for centerhne fuel
melting will occur. This trip is the pnmary
protection agalnst fuel centerline meltmg

- 10.1.2.6

_during -AOOs,

- acceptable.

- High Pressurizer Pressure

o

The high pressurizer pressure -trip, in “con-

" junction with “the pressurizer .and main *steam
' safety valves, provides protection against over
- pressure conditions 'in ~the - RCS ‘during ' the

following events:
1. Loss of condenser vacuum with a concur-
- -, rent loss of offsite power,

2.” Turbine trip from-102% power,w A\‘;_‘i‘ -

N [ T ALt

3. Feedwater system.breaks between  the steam

-generator and feedwater inlet check valve, -
N

4. CEA withdrawal and
5. Loss of feedwater ﬂdw.

.The high pressunzer pressure trip assures that
the .RCS pressure -limit ‘will not be exceeded
‘and - in conjunction wrth ‘the
ESFAS, that the consequences of accxdents will be

. .
s L0 f T

10.1.2.7 Low Steam Generator Levei

The low steam generator water level 'tripfi’s

- - required for the following events to help prevent

exceeding the RCS de51gn pressure due toa loss
of heat sink:

-4 -

1. . Steam system piping failures, -

2. Feedwater systern‘ pipe'b’re‘aks, T

e 4

3 . Inadvertent opemng of -a stearn generator
:atmospherlc dump valve, |

-t

4. Loss of normal feedwater and

5. Asymmetric loss of feedwater.
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The low steam- generator water level trip
ensures that the DNBR, kW/ft, and RCS pressure
safety limits are maintained during normal
operations and AOOs and, in conjunction with the
ESFAS, the consequencés of the steam and
feedwater pipe break accidents will be acceptable.

10.1.2.8 Low Steam Generator Pressure

The low steam generator pressure trip pro-
vides protection against an excessive rate of heat
extraction from the “steam-"generators, which
would result in a rapid uncontrolled cool down of
the RCS. This trip is ‘needed to shutdown the
reactor and assist the ESFAS in the event of a
main steam line break.

10.1.2.9 High Containment Pressure

The high containment pressure trip
prevents exceeding the containment design
pressure following certain loss of - coolant
- accidents, steam line breaks, or feedwater line
" breaks. It assures a reactor trip ‘prior to, or in
conjunction with, accidents, thus assisting the
ESFAS.

10.1.2.10 Loss of Load

The loss of load trip is anticipatory for the loss
of heat removal capacities "of the secondary
system following a turbine trip. The loss of load
trip prevents lifting of the pressurizer safety
valves, PORVs, and the steam safety Valves in the

event of a turbine generator trip. Thus the trip.

minimizes the large upsets’'in RCS pressure and
temperature by shutting down the reactor well
before the high pressurizer trip set point is
reached. Table 10.1-1 summarizes the purposes of
all reactor trips.

10.1.3 System Description

As shown in Figure 10.1-1, each RPS
channel receives independent inputs of safety
related parameters. In each channel, the input
signal is compared with its appropriate set point in
a bistable. If the parameter is at set point, the
bistable de-energizes. When the bistable de-
energizes, a signal (in the form of an open relay
contact) is sent to the logic matrices. Six (6) logic
matrices are required to account for all possible
combinations of two (2) out of four (4) channels (
AB, AC, AD, BC, BD, and CD).

The logic matrix decides if the two (2) out of
four (4) logic for any input parameter is satisfied
and, if so, de-energizes its logic matrix relays.
When the logic matrix relays de-energize, series
contacts in the power supply to the RTB control
relays open, resulting in the relays de-energizing.

Two events occur when the RTB control
relays de-energize. First, contacts in the RTB’s
under voltage (UV) coil open, de-energizing the
UV coil and opening the RTB. Second, contacts
in the RTB's shunt trip coil close, energizing the
shunt trip coil. When the shunt trip energizes, the
RTB opens. This action is redundant to the
opening of the breaker by the under-voltage coil.
When the RTﬁs open, the coils of the CEA
magnetic jack de-energize and the CEAs shut-
down the reactor.

A few points should be added to the above
discussion. I_*‘irst,: the two (2) out of four (4) logic
must exist for the same input parameter before a
reactor trip will occur. The term coincidence is
used to describe this feature. For example, at least
two (2) pressurizer pressure transmitters must
sense that pressurizer pressure is at or below set
point before a reactor trip will occur. One (1) low
pressurizer pressure input combined with any
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other input parameter reaching set point will not ~ 10.1.4.2* Bistable Trip Unit

trip the reactor. Next, each RTB control relay
controls two’ (2) ‘RTBs. Control relay K1 controls” - -

" breakers ‘1 and ' 5, - control - relay K2 controls'
breakers’ 2 ‘and ‘6; control relay K3 controls
" breakers 3 'and’ 7; and control relay K4 control
relay controls breakers 4 and 8. Finally, as a

" This is called a one (1) out of two (2) logic taken

twice. Table 10.1-2 provides a listing of possible *

‘reactor trip combinations.

TABLE 10.1-2

Reactor Trip Combinations
‘Breakers Breakers
1-5  and 48
1-5 and - 37
2.6 - ~and - 4.8

and - -~ 37

.26

10.1.4 ' benﬁonent Description

10 14. 1 Reactor Protectlon System
.~ Sensors -

Criterion 24 of 10 CFR 50 requires separ‘ation‘

-between protecuon and control systems to prevent
.ar contro] system fmlure from effecting the
operabrlrty of the RPS. Combustlon Engineering _
satisfies this requlrement by the use of different .
. detectors for protection systems and control

systems. There are no shared rnputs between the

_ +two electronic systerns In addrtlon there are four ",

(4) sets of input parameters, one ) set for each(
The output of the RPS sensors 1s<

RPS channel.
_supplied to the bistable relay cards in the ‘RPS ~

.- cabinets.

~The bistable trip unit (Figure'10.1-2) is used to
' compare the RPS input parameter with the pre-trip
and trip set points and to generate pre-trip and/or
trip signals if the pre-trip and trip comparators

--sénse that the input signal equals the set point.
- mninimum, one pair of circuit breakersin each of
“ the supplies must open to de-energize all CEAs.’

There is a bistable trip unit for every trip in each
RPS channel. Each bistable trip -unit contains
seven (7) relays that --are : maintained "in- an
energlzed condition by the comparators as long as
the input parameter is not at set point. When the
' parameter equals the -set point’ the - comparator
output drops to Zero and the relays de-energrze

L

' Five'(5) of the seven (7) relays are drrven by
the trip comparator. Three (3) relays .are used in
theé two (2) out of four (4) logic matrices, and the
other two (2) relays are used. to provrde reactor
tnp annuncratron

" To illustrate -the uses-of -the relays in the
bistable trip unit, assume that the trip unit shown
in Figure 10.1-2 is a channel "C" trip unit. The
three (3) relays that are used in the two (2) out of
four (4) trip logic operate contacts in the AC, BC,
and the CD matrices. The trip indicator relay

* operates-a trip indicator light on the bistable trip

unit. The trip alarm relay operates contacts that
~activate :control “room annunciators and the
* computer ' sequence of events recorder.-Bistable
trip unit relays contain-double -coils. One coil
"operates contacts for logic matrix functions and
. the other functronsasatest coil. .. - - |

D

One of the. brstable tnp umts VOPT has a

. vanable .set point that is supplied to the pre-trip
* and trip comparators. As shown in Figure 10.1-3,
~ the VOPT set point is a function of the highest of

*. nuclear'power or AT power. The minimum set
point for the VOPT is approximately 30%, and the
maximum set point is 106.5%. Between these
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extremes, the set point is manually’ maintained at
10% above existing power. Set point adjustment
is accomplished by four (4) push buttons (one for
each RPS channel) located on-the main control
board.

The manual reset feature is illustrated by the
following example. Assume that the plant is
operating at 20% power with the' VOPT set point
at 30% and it is desired to escalate power to
100%. When power reaches 26%, a VOPT pre-
trip is generated by the bistable trip unit. When
the annunciator alarms the operator presses the
push buttons to reset the VOPT setpoint to 40%
and the pre-trip set point to 36%. As the power
escalation continues, another. pre-trip alarm is
generated at 36% and the. operator- presses the

- push buttons to reset the VOPT. set point to 50%
and the pre-trip set point to 46%. These actions
continue until the VOPT set point. has been
increased to 106.5%. When power is decreased,
the set point automatically tracks downward with
the set point remaining about 10% above the
existing power.

10.1.4.3 Auxiliary Trip Units

The LPD trip and the loss of ‘load trip are
implemented by auxiliary trip. units instead of
bistable trip units. An auxiliary trip unit (Figure
10.1-4) is identical to a bistable trip unit with the
exception that the'relays are maintained in an
energized condition by a normally closed contact.
When a pre-trip or trip condition is sensed the
contact opens and the relays de-energize. The
relay outputs of the auxiliary trip unit are identical
to the relay outputs of the bistable trip unit. The
auxiliary trip unit relays and the bistable trip unit
relays contain double coils, one coil that operates
contacts for logic matrix functions and a test coil.

10.1.44 Logic Matrices

The logic matrices (Figure 10.1-5) consist of a
series-parallel contact network and four (4) logic
matrix relays to determine if the two (2) out of
four (4) coincidence trip logic has been satisfied.

During normal operation, all matrix contacts
are closed and the four (4) logic matrix relays are
energized. To generate a reactor trip, two (2)
parallel contacts must open. When the contacts
open, the logic matrix relays de-energize and
operate contacts that will open the RTBs. Each
logic matrix is powered by redundant dc power
supplies. Each of the power supplies is powered
from a inverter supplied 120 Vac bus.

To illustrate the operation of the logic matrix,
assume that the variable overpower as sensed by
the "A" channel reaches the trip set point. When
the trip set point is reached, the comparator in the
variable overpower bistable trip unit de-energizes
its three (3) trip relays. The de-energizing of the
bistable trip relays opens the variable overpower
contacts in the AB, AC, and AD matrices and
closes a contact in series with the lamp located on
the front of the bistable trip unit. All-three (3)
lamps on the "A" channel variable overpower
bistable trip unit will be energized.

As shown in Figurc 10.1-5, power will be
supphcd to logxc matrix relays AB3 and AB4
from power supply 6 (PS6) through the closed B
trip relay contacts, maintaining "these relays
energized. Current will travel from power supply
5 (PS5) through logic matrix relays AB1 and
AB2, up through the closed "A" trip relay contacts
until it reaches the open VOPT contact. Since
current cannot flow through the open contact,
current will' flow through the closed "B" VOPT
contact and back to power supply 5. Logic matrix
relays AB1 and AB2 will be energized by this
current flow.
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Now assume that the "B" linear power channel *
also senses an- overpower ‘condition. The"B"
channel VOPT ‘bistable trip unit comparator’s

output will drop to zero and the three (3) trip

relays will’ de-energlze ‘When the relays ‘de-

‘energlze, their associated contacts will open in the
AB, BC; and BD ‘matrices. When the "B"- VOPT =~
contact opens in the AB .matrix (Figure 10.1-5), ]

current ﬂow from PS6 can no longer maintain
logxc matnx relays ‘AB3 and "AB4 “energized.
'leerse the openmg of the "B" VOPT contact
prevcnts current from PS5 from flowing through

logic matrix relays AB1 and AB2, and the relays .
'de-energlze When the relays de-energize, a series ’
: contact in each of the four (4) RTBs control Telay ~

circuit -opens. ‘The "opening of ‘these ‘contacts
results in the opening of the RTBs.

'As’sshown in figure’ 10.1-8, each’logic matrix
relay contains two (2) coils. One’(1) of the coils
is used for testing, and ‘the other coil operates
contacts in the RTB control relay circuitry.

10145  Circuit Breaker Control Relays

There are four (4) RTB control relays, each -
_control relay operates contacts ‘in two (2) RTBs. -

Each control relay circuit contams six (6) series
contacts one (1) contact operated by a’ loglc

matnx relay from’ each of the six (6) logic matri-"

., ces. ‘For, example the RTB control -relay K1

,,cxrcult (Fxgure 101 1) contams the AB1, “AC1,
" AD1, BCI, BD1, and CD1 contacts. Opening any
. one of the series logic matrix relay contacts de-
LL energlzes ‘the 'RTB control relay “and two (2)
_RTBs will 'open. The RTB control relay c1rcu1try
is also called a trip path 'A'status panel above the
RPS cabinets provides indication of trip path and
RTB status.

“from non-vital 480" Vac ‘power.

- RPS', -~ ~ g

10 1.4.6 Reactor Trip Circuit Breakers
i and CEA Power Supphes SR
"The coxls on the CEA magnetlc Jack assembly
are supplied from two motor-generator (MG) sets

- (Figure 10.1-6). The MG set motors are powered

The MG set
generator has an output of 240 Vac, 60 hz, 3 phase
power. Either MG set .is capable of providing
100% of the required CEA power; however, both
MG sets are normally in service. Power from the
MG sets is routed through the-MG set output
breakers to the CEAs via the RTBs. The MG

output breakers - are’ used to synchronize: the
- generators -and do not receive a tnp srgnal from

the RPS.

Nine (9) RTBs control the MG set power
supply to the CEAs. As previously discussed,
eight (8) of these breakers (numbers one through
eight) are controlled by .the trip. path relays.
Number nine RTB is installed to maintain MG set
synchronization regardless of the order of closure
of the RTBs.- Number nine c1rcu1\t' breaker is not
controlled by the RPS. - -

- 7

Under voltage coils -monitor the CEA power

,supply Should a.reactor-trip_occur, the under
*voltage coils sense the decrease in supply voltage
- "and provxde sxgnals to trip the turbme

Fxgure . 10. 1-7 1llustrates the mechamcal
operation of a typical RTB Dunng normal
operations, the RTBs are closed supplymg power
to the CEAs. The circuit breaker under, voltage
(UV) coil (#3) is energlzed and holding the under
voltage trip lever (#4). The power to keep the
under voltage coil energxzed is controlled by the
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When a trip signal. is_sensed through the
appropriate logic (2/4), the RPS" de-energizes the
UV coil (#3) which releases the UV trip lever
(#4). The UV trip lever causes the main trip shaft
(#6) to rotate counterclockwise.  When the main
trip shaft rotates, the trip latch (#2) is released
allowing the stored energy device (#1) to open, the
RTB (#7). Of course, opening of the RTBs
removes power from the drive mechanisms
allowing the CEAs to drop into the core.

The use of the under voltage coil to trip the
reactor provides a fail safe feature for the RPS. If
a loss of power to the RPS should occur, the UV
coils would de-energize and the RTBs would open
as described above.

10.1.5 Integrated Operations

The discussion in the following sections
(10.1.5.1 and 10.5.1.2) refers to figure 10.1-8
(Reactor Protection System Functional Diagram).
This figure, shown de-energized, complies with
industry standards and is drawn in the same
general format as the process and instrument
diagrams found in the plant. All relay contacts
_ that close when a relay is energized, "a" contacts,
appear as open contacts, and any relay contacts

that open when a relay is energized, "b" contacts,

are shown closed. Therefore, if the text states that -

a contact is closed, it is referring to an energized
circuit although the figure shows that same
contact as open. o

10.1.5.1 * Reactor Trip

’ Usmg figure 10.1-8, assume that a slow
depressurization of one steam generator occurs.
This transient will generate a trip signal actuated
by either a high containment building pressure or
alow steam generator pressure and is chosen to
demonstrate the two (2) out of four (4)
coincidence trip logic.

As the steam generator depressurizes, steam is
released into the containment bu1ldmg and the
pressure inside the containment buxldmg will
increase. When containment building pressure
reaches the trip set point, a reactor trip si gnal is
generated. Assume that the "A” RPS channel is
the first protective channel to sense the high
containment building pressure.

Remember, if a process parameter equals or
exceeds a bistable trip set point, the bistable trip
unit de-energizes three (3) trip relays. Each trip
relay provides an input into a separaté logic
matrix. In this case when the pressure inside the
containment building reaches or exceeds 2.8 psig.
The auxiliary bistable trip unit de-energizes three
(3) trip relays.

When these trip relays de-energize, their
associated logic matrix contacts open. The
contacts that open are as follows:

a. The A9-1 contact in the AB matrix
b. The A9-2 contact in the AC matrix
c¢. The A9-3 contact in the AD matrix

When the trip contacts in the matrix logic

.. open, their associated trip relay lamps energlze
... Therefore, three (3) trip relay lights energize on

the auxxllary bistable trip unit. Although one
contact is open in each of the three (3) loglc
matrices, the ]oglc matrix relays remam energlzed
and the reactor trip circuit breakers remain closed.

Tracing the’ électrical current flow path from
the power supplies, PS-5 and PS-6, through the
AB logic matrix, illustrates why a reactor trip has
not occurred.

Power supply PS-6 keeps logic matrix relays’
AB-3 and AB-4 energized via the following
electrical flow path. Current flows from the PS-6
power supply through logic matrix relays AB-3
and AB-4 to the contact string containing the
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B1-1 through the B10-1 contacts. Presently all the
series contacts on the "B" side of thls logic matrlx
are closed. Therefore there is not a break in’
continuity of this circuit and current is allowed to
flow back to the positive side of the PS-6 power
source. ‘ ‘ .

Meanwhile, power supply PS-5 keeps logic
matrix relays’ AB-1 and AB-2 energized via the
followmg electrical flow path. Current flows from
the PS-5 power supply through logic matrix relays
AB-1 and AB-2 to the contact string containing
the A1-1 through the A10-1 contacts. The current
flows upward through the closed A10-1 contact

‘and then encounters the A9-1 contact that is open.

The current flow back to the positive side of the
PS-5 power 'source is broken, and without an
alternate route for the current to flow to the logic
matrix relays, “AB-1 and AB-2 would de-energrze.
However, a cross-connect line between contacts

’A10-1 and A9‘ 1 allows current flow to the "B"
* séries contacts. With this configuration a current

_path is available and the PS-5 power source keeps

“the' AB-1 and AB-2 relays energized. Similar

power supply paths exxst for the AC and the AD

- logic matnces

Assurﬁé that the "C" channel steam generator
pressure transmitter senses a steam generator low

" pressure condition before a’second high

containment building pressure condition is sensed.
When the "C" low steam generator pressure
bistable strip unit de-energizes; its three (3) trip
relays de-energize and open the followmg
contacts ‘ : St

Cs-1in the AC matrix- = - ¥

I.
2! (C5-2 in the BC matrix ' S
3. C5-3inthe CD matrix’ - ' ™ -

As prev;ously discussed, the associated trip
relay lamps on the low steam generator pressure

_ ’brstable trip unit are energized. In addition, the

pre-tnp and trip lamps are also energized. The’

logic matrix for the BC and the CD matrices
operate the same as the sequence described for.
logic matrix AB. However, two contacts are now
open in the AC loglc matnx A9-2 and C5 1.

Tracmg the power supphes PS-7 and PS-8
through the AC logic matrix, illustrates why a

reactor trip has not occurred

e T
Current flows from the PS-7 power supply -
through the logic matrix relays AC-1 and AC-2 to

‘" 'the contact string containing the A1-2 through the

A10-2 contacts. The current flows upward -~
through the closed A10-2 contact'and then .. . -
encounters the A9-2 contact that is open and
blocks the current flow. However, a cross-connect
line between contacts A10-2 and A9-2 allows .
current flow to the "C" series contact string until it
encounters open contact C5-1. This open contact
prevents current flow and would de-energize the
logic relays AC-1 and AC-2 except that between
contacts C6-1 and C5-1 a cross-connect exists that
allows the electrical current to flow back to the-

" A"_contacts in this string )AS5-2 through A1-2)

. are closed. This provides a current path back to

the PS-7 power source and keeps the AC-1"and

~* AC-2 relays energized.

"': xxxxx

<Power supply PS 8 keeps the AC-3 and the
AC-4relays energized with the following current

“flow path. The electrical current flows through

these relays (AC-3 and AC-4), up the "C" series
contacts until it reaches the open C5-1 contact.
Similar to the previous paragraph, the current
flows through the cross-connect over to the "A"
series contacts and continues upward and is routed

back to the PS-8 power supply. .

The logic matrix relays in the AC logic matrix

1 remain energized and the reactor does not trip. As
“* jllustrated by this example, any number of _
trip inputs may occur within a logic matrix, and
‘'since two contacts in parallel are not de-energized
- at the same time, a reactor trip will not occur.
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As the pressure within the affected steam
generator continues to decrease, assume that the
"D" channel senses a low steam generator
pressure. The "D" channel steam generator low
pressure bistable trip unit opens contacts in the
following matrices:

1. DS5-1 in the AD matrix
2. D5-2 in the BD matrix
3. D5-3 in the CD matrix

From a practical standpoint, although three (3)
matrices are affected, the important action takes
place in the CD logic matrix. When the D5-3
contact opens, two parallel contacts are open in
the CD matrix (contact C5-3 was opened earlier).
With two parallel contacts open current flow
through both contact strings of this circuit is
interrupted and the following logic relays de-
energize; CD-1, CD-2, CD-3, and CD-4. When
these logic matrix relays de-energize, their
associated contacts open.

In the lower left portion of figure 10.1-8, a
transformer powered from Vital Bus #1 is shown.
Notice: directly below and to the left of the
transformer is a series of contacts. When the logic
matrix relay CD-1 de-energizes, its associated
contact (CD-1) opens. This action breaks the
continuity of this circuit de-energizing relay K1.
When this relay de-energizes, it removes power
from the under voltage coils and energizes the
shunt trip coils in reactor trip breakers (TCB-1
and TCB-5).

This action, by itself, will not generate a
reactor trip because reactor trip breaker pairs
(TCB-4 and TCB-8) and (TCB-3 and TCB-7) are
still closed. However, as previously stated,
contacts’ CD-3 and CD-4 are open.Examining the
action caused by just one of these contacts (CD-4)
shows that, if the CD-4 contact opens, relay K4
de-energizes. When this relay de-energizes, it de-
energizes the under voltage coils and energizes the

shunt trip coils for reactor trip breakers TCB-4
and TCB-8. Recall that one set of trip breake;'s,
TCB-1 and TCB-5, is already open. Therefore,
when these breakers open, all power is lost to the
control element drive mechanisms and the control
element assemblies fall into the core shutting
down the reactor.

As described in Section 10.1.3, only one pair
of breakers in each side of the CEDM power
supplies must open to cause a reactor trip. In this
discussion the pairing of breakers selected was
sufficient to trip the reactor.

A subtle thing also occurs with the RPS trip
relay lamps during certain events. The trip relay
lamps receive power from the same source that
supplies the logic matrix relays. It illuminates
when a "b" contact closes. This action occurs
simultaneously when its associated logic contact
opens. If the contacts located above the tripped
contacts remain closed, continuity of the circuit is
maintained and the trip relay lamps remain lit.
Therefore, in this example, when contacts’ C5-3
and D5-3 open, power is lost to the high
containment trip relay lamps (D9-3). Overall, only
the lowest numbered trip relay lamps remain
energized following a reactor trip. The result of
this action means that a reactor trip "first out”
cannot be determined from the Reactor Protection
System front panels.

10.1.5.2 Loss of 120 Vac Bus

The design of the RPS is such that the loss of
a single 120 Vac vital bus should neither prevent
nor cause a reactor trip. Referring to the lower left
hand section of figure 10.1-8, assume that a loss
of vital bus #1 occurs.

After losing, this power source, the K1 relay
de-energizes.. De-energizing the K1 relay opens
the contacts to the under voltage coils and closes
the contacts that supply power to the shunt trip
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coils for reactor trip breakers TCB-1 and TCB-5.

; Either of these actions opens this parr of reactor

tnp breakers A réactor trip does not occur
" because the reactor trip breaker pairs (TCB-4 and

“TCB-8) and TCB 3'and TCB-7) are unaffected by
" the loss of vital bus #1 and remain closed.’

, Losing this power source (vital bus #1) also -
" affects the following dc power supplies; PS-5, PS--
7, and PS-9. Tracing the electrical circuit of the *

. A-B logic matrix, notice that the PS-5 power -
supply norrnally keeps logic matrix re]ays AB-1

and AB-2 energized. However, in this example, " -

this dc power source is lost and these relays de-~

_ energize. Once these relays de-energize, their
" “associated contacts AB-1 and AB-2 open. Losing

the AB-1 relay in this example has no impact
because the K1 relay was lost as a direct result of -
de-energlzrng ‘vital bus #1. However, opening the '

" 'AB-2 contact de-energrzes reactor trip relay K2.

De—energrzmg the K2 relay has ‘the similar affect

’ _as de- energrzmg the, K1 relay except in this

4.

-

) mstance reactor tnp breakers TCB-2 and TCB-6

.open.’ Opemng these two - breakers has no
. additional affect upon the system because these
breakers are m senes "with the prevrously opened

7 reactor trrp breakers ’

Desprte the electncal fault: a loss of an

-exists for the logic matrices affected by the power

‘loss, that'is, logic matrix AB, AC, and AD. -

10.1.6 : RPSBypasses: . . -t

10.1.6.1 Trip Channel Inhibit !:

The trip channel inhibit is provided to remove
a trip channel from service during maintenance or
-testing.’ When the trip channel inhibit is in effect,
the trip logic for that trip is changed to'a two (2)
out of three (3) logic. “As ‘an example, if the low
* steam generator level trip for "A" steam generator
“is inhibited in RPS channel "A", RPS channels
"B", "C", and "D" will continue to provide steam
generator low level trip capability. ‘Any. inhibit
must be manually mmated and removed at the

RPS cabmets

" ¥ - - PR

To inhibit an individual trip function the key
for that'trip is inserted in the .appropriate RPS

‘channel and turned. When the inhibit key is turned

contacts in parallel with the bistable trip relay in
the logic matrices for the affected trip function are
‘closed. 'This " action” inhibits the trip from that
channe] only. .o

“The inhibit }

keys —-are -administratively

"controlled  such ‘that no more_ than_one key is

individual dc power supply, or the loss of an -*” available for each of the reactor-trips: “This'RPS

entire vital instrument bus, a reactor trrp will not
occur. In addition to ]osmg one half (%2) of the
reactor trip breakers, the loss of power changes --
the trip logic for the logic matrices affected by
that loss of _power. ‘For example, if the PS-5 power
supply was lost, not only do the logic relays AB-1

" and AB-2 de-energlze but all the contacts (AB-1

through A10-1) on the 1éft side of the logic matrix
_open. 'Operating under these ‘conditions, the logic
matrix is aligned so if any srngle contact opens on '

the "B" side of the matrix (Bl -1:through B10-1), -
g contmulty of the circuit is broken, and logic relays -

AB-3 and AB-4 de-energize. Therefore, with

these conditions, a one-out-of-three (1/3) logic

design would allow the same reactor trip function
* to be inhibited-in multiple channels_if multiple

* keys were available. Operationally, -inhibiting
- mmore than - one .-channel : for a particular trip
function’ is mnot allowed by _technical

specifications. * 3
10.1.6.2 - . Automatic Bypasses -

* The operability.of the high startup rate, LPD,
and loss of load trips are power level dependent.
‘Nuclear instrumentation system bistables provide
interlock signals to activate/deactivate these trip
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functions. The high start-up rate is active when
power is greater than or equal to 10™% (as sensed
by wide range logarithmic power) and remains
operable until power is greater than or equal to
15% (as sensed by the linear power range safety
channel).

At power levels: above 15%, feedback from
the. moderator temperature and doppler coeffi-
cients, along with the variable overpower, trip
provide protection against reactivity excursions
and protection by the high startup rate trip is not
required. Below 10*% . power, poor counting
- statistics can lead to erroneous indications; there-
fore, ' the high startup rate’ trip function is
automatically bypassed.

The LPD and loss of load trips are automati-
cally bypassed until power, as sensed by the linear
power range safety channels, exceeds 15%.
" Below 15% power, no values of LPD will result
in violation of kW/ft limits; therefore,-the LPD
trip can be safely bypassed.

The 10%% and 15% power signals used for
trip bypassing are channelized. In order to bypass
the "A" RPS loss of load trip, power must be less
than 15% as sensed by the linear power range
safety channel located in the "A" RPS cabinet.
Therefore, to ensure that a loss-of load trip will
not occur, three (3) of the four (4) linear power
range: safety channels’ must. sense that power is
less than or equal to 15%. .The above discussion
is also applicable to LPD; and if the 10% limit is
‘added, the statements apply to all automatically
bypassed trips.

10.1.6.3 Zero Power Mode Bypass -

The RPS zero power mode bypass feature
allows the TMLP and the low RCS flow trips to
be bypassed to permit CEA operation during
shutdown and cool down evolutions. The zero

power mode bypass is manually actuated when it
is desired to cool down with the shutdown CEAs
withdrawn_ or when CEA testing is to be per-
formed during shutdown. Cooling down with the
shutdown groups withdrawn provides a method of
quickly adding negative reactivity to the core
should the need arise.

Two conditions must be satisfied for each RPS
channel zero power mode bypass:

1. Power, as sensed by the wide range logarith-
mic power channel must be less than or equal
to 10°%, and

2. A key loclt switch, located on the RPS
cabinet, must be turned to the bypass position.

When these conditions are satisfied, the
bistable tnp relays for the TMLP and low RCS
flow trip units remam energized by applying a
fixed voltage to the relay amplifiers. In addition to
blocking the tnp functlons, the zero power mode
bypass also prevents the selection of AT power by
the TNH.P power calculation. An indicating light
on the RPS cabinet, labeled AT power block is
energized to inform the operating staff of this
condition. When power is escalated to >10%%,
the zero power mode bypass and the AT power
block are automatically removed.
10.1.6.4 Low Steam Generator
Pressure Bypass

Provisions are made to bypass steam generator
pressure during a cool down so that a reactor trip
will not occur: Two conditions must be satxsﬁed
to bypass the low steam generator pressure reactor
trip. First, steam generator pressure must be less
than or equal to 785 psia. Next, a key ‘operated
bypass switch must be positioned to the bypass
position on the RPS. With this trip bypassed, a
cool down can proceed without the actuation of a

USNRC  Technical Training Center

10.1-12

Rev 1200



Combustion En'gineering Technology € Cross Traininé Course

" Reactor Protection System

reactor trip. If steam generator pressure ‘exceeds

785 psia, then the low steam generator pressure

bypass is automatically removed.

1017 RPS Interfaces
", 10171 CEA Withdrawal Prohibit
Interlocks
CEA wnhdrawal prohlbrt (CWP) srgnals are
generated by VOPT, high start-up rate, and TMLP
pre-trips. The CWP interlock prevents ‘manual or

-automatic , CEA w1thdrawal causing a greater‘

_ degradation of these parameters .CWPs have a

_two (2) out of four (4) logic for each parameter.
. The TMLP CWP is bypassed if power is less than
... orequal to 10™% power. - ,

10.1.7.2 PORY Actuation

- The power operated relief valves (PORVs)

~are opened in conjunction with a high pressurizer

- .'pressure trip. Trip unit relays in the high pressur-

izer pressure trip bistables have contacts in a two

(2) out of four (4) coincidence logic that actuate_
the. PORVs. When -testing a high pressurizer
- . pressure trip channel, the trip bypass switch

--energizes a relay whose contacts parallel the trip
unit relay and reduces the actuation logic to a two

T -(2) out of three 3). -

. ‘10 1 8 RPS Testmg

Provrs1ons are made to perrmt penodrc testing

* of the complete RPS with-the reactor,at' pOWer.,
These tests cover the-trip actions from sensor -

input, bistable trip relay actuation, loglc matrix

relay actuation, trip path .relay actuation, and :
finally the opening of the RTBs. These individual . :

- tests are described below.
10.1.81 Sensor Checks

Durmg reactor operation, the sensors that

s 10182 TrlpBlstableTests “ S

provrde inputs to”the RPS are :checked by
comparmg the outputs of all four (4) instruments
that measure the same parameter.-This is called a

“ channel’ check. Plant technical “specifications
" require the performance of thls check on a

penodlc basis.

During extended shutdown perrods or refuel-
ing shutdowns, the sensors are checked and
calibrated agamst known standards

e
s

Testmg of trip blstables is accomphshed by
manually- varying the input signal to the trip
comparator (Figure 10.1-2) up or down to the trip
set point. Only one bistable is tested at a time and

- observing the trip action as evidenced by the logic
© matrix lamps at the bistable trip unit.

Varymg the mput srgnal is accomphshed by

. the trip test circuit that consrsts of a drgxtal

voltmeter, test selector swrtches, and a
potentiometer. The bistable to be tested is selected
and the - test: signal- is applied. . The digital
voltmeter may be used to Jdegte_miine'the trip set

>p0int 4 v 4 v - ‘»H} s

Smce the brstable relays are de-energrzed
during the test, the trip function is placed in trip

_-channel inhibit. This test is performed in accor-

dance with technrca] specrﬁcatlons and is called a

. channel functional test.

10.1.8.3 Logic Matrix Test

This | test is nerfonhed {o verify proper
] operatlon of the six (6) logrc matrices. As shown
in Figure 10. 1-8 the test power supply supplies

power .to the hold coils of the trip bistable relays
(the bistable tr1p relay ‘has two coils, one that is
powered from the comparator, and one powered
from the test circuit).
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Actuation of the push button applies a test
voltage to the test system hold coils of the double
coil matrix relays. This voltage will provide the
. power necessary to hold the relays in their
energized position when actuation of the bistable
trip relay contacts in the matrix ladder being
tested causes the primary matrix relay coils to de-
energize.

The logic matrix to be tested is selected using
the system channel trip select switch located at the
RPS channel cabinets. Then while depressing the
matrix hold push button, rotation of the channel
trip select switch will release only those bistable

trip relays that have operating contacts in the logic

matrix under test.

The channel trip select switch applies a test
voltage of opposite polarity to the bistable trip
relay test coils so that the magnetlc flux generated
by these coils opposes that of the pnmary coil of
the relay. The resulting flux will be zero, and the
relays will release.

Trip action can be observed by illumination of
the trip relay indicators located on’ the front panel
and by loss of voltage to the four matrix relays,
which is indicated by extmguxshmg the indicator
lights connected across each matrix relay coil.

During this test, the matrix relay hold lights
~ will remain on, indicating that a test voltage has
been applied to the holding coils of the logic
matrix module under test.

The test is repeated for all six (6) matrices and -

for each actuation signal. This test will verify that
the logic matrix relays will de-energxze if the
matrix continuity is lost. The opening of the
matrix relays is tested in the trip path tests, and is
a part of the channel functional test.

10,1.8.4 Trip Path/Circuit o
Breaker Tests

Each trip path is tested individually by
depressing a matrix hold push button (holding the
matrix relays), selecting any trip position on the
channel trip select switch (opening the matrix),
and selecting a matrix relay on the matrix relay
trip select switch (de-energizing one of the four
matrix relays), causes two (2) RTBs to open.
CEDMs remain energized via the other RTBs

(Figure 10.1-6).

The drop out lamps shown on Figure 10.1-8
are used to provide additional verification that the
matrix relay has been de-energized, (the -AB-1
matrix relay contact energizes the drop out lamp).
Proper operation of the actual trip path matrix
relay contacts is verified by the trip path lamp
located on the trip status panel.

Proper operation of all coils and contacts is
verified by lights on a trip status panel. Final
proof of opening of the RTBs is the-lack of
indicated current through the trip breakers.

The matrix relay trip select switch is turned to
the next position, re-energizing the tested matrix
relay and allowing the RTBs to be manually reset.

This sequence is repeated for the other three
(3) trip paths from the selected matrix. Following
this the entire sequence is repeated for the
remaining five (5) matrices. Upon completion all
twenty four matrix relay contacts and all four (4)
trip paths and breakers will have been tested: This

test is also aApart of the channel functional test.

10.1.8.5 Manual Trip Test

The manual trip feature is tested by depressing
one (1) of the four (4) manual trip push buttons,
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observing a tr1p of two (2) RTBs, and resetting the
breakers prior t0 depressmg the next manual trip
push button. .This test is performed pnor to a

. reactor startup, unless perforrned in’ the previous

seven ) days

. 10.119' PRA Insights

LY

;

The purpose of the RPS is to initiate reactor
trxps to_prevent ‘the plant from reaching a safety
limit 4nd initiate ‘engineered safety features to
mitigate the consequences of an accident: The
major RPS PRA concern is an anticipated tran-
sient without scram (ATWS). According to the
Calvert Cliff's PRA, the ATWS has a core melt
frequency contnbutlon of 33%. The dominant

_ accident sequence assumes that a transient (loss
- of offsite power, loss of feedwater turbine trip)

" pressure and subsequent core melt

starts _ with all the front line systems initially
available and proceeds as follows:

l A valid tnp signal is received, and a fallure of
~ the reactor tnp circuit breakers occurs

’2‘.’ The main feedwater pumps trxp or runback to

a low feedwater flow condmon

’ \
3. _anary system farlure results due to an over

-

4, No credit is taken “for operator initiation of '
feed and bleed core cooling,’ or tripping’ ‘the

reactor.

A failure of the RPS would allow the heat ~

production in the core to continue, while the
power conversion system would be removing heat
at a reduced rate. The resulting imbalance
between the energy removal rate (5%) and the

energy production rate (100%) leads to the heatup ’
of the RCS and an increase in system pressure. -

The magnitude of the pressure increase is -
determined by the initial power level, heat”

removal rate, and the net reactivity in the core.
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The moderator temperature coefficient determines
the negative feedback between the temperature
rise and resulting power decrease by decreasing
the density, or voiding of the primary coolant.

* Given that' the- peak ‘pressure exceeds the

* service level (3200 p51a) limit, various types of

system damage have been postulated

1. - If the pressure should exceed 3500 psia, then
the reactor vessel head could lift and likely fail
to reseat completely.

<y

s PPy reer

2. Theé Tesponse of the steam generator-tubes is
uncertain at these differential pressure and a
large number could potentially rupture...

3. Because there is insufficient “analysis of the
operability of check valves in the primary

< systém for the pressures exceeding the service
level limit, there is an assessment that the
chemical and volume control and high

* pressure -safety “injection ' systems “would -be
unavailable some significant “fractionof the
time due to check valves being forced shut and
deforinéd to the point of inoperability. Thus,
continued reactor” cooling’ and long term
recovery after the system has been over
pressunzed is questionable, “and "significant
core ‘damage could ‘result from an. mmatmg

e fallureoftheRPS e I R

7. ;\ .
fa

' The risk reduction factor for the RPS is l 53

- and the rlsk acl_uevement-factor is 11,539. . The
‘large risk ‘achievement factor is due to the 'small
' failure’ probability‘of the RPS that is assumed in

the PRA.-"As previously ‘stated, no credit -was
given for operator actions mitigating this event.
-Calvert -Cliffs'has implemented an ATWS proce-
dure which dll’CClS the operator to:

‘v. 3 - o
~

*.1." Trip the reactor manually, , -

oo, - Lot
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2. Deenergize the motor generator sets (to the
CEAs) and

3. Initiate emergency boration.

De-energizing the motor generator sets should
bypass any actuation of control circuit failures and
result in a successful trip. If done quxckly enough,
this could result in a reduction in any pressure
transient. With appropriate operator training, it
may be possible to mitigate this sequence.

The only other ways of renucing this se-
quence’s frequency or mitigating the results
appear to involve changes to the plant such as:

1. Reduce the number of iransien;s,
2. Improve RPS reliability, |

-3. Qualify the RCS and valve operability at
higher pressures, ;

4. Improved analysis to show peak vpressure less
than current prediction or

5. Change fuel loading so that a more
negative MTC is obtained.

. 10CFR50.62 requires additional safety
1mprovements in the design and operation of light
water cooled nuclear powered reactors to mini-
mize the probability of an ATWS event. The
requirements are intended to reduce the likeli-
hood of failure of the reactor trip systems to scram
the reactor following an. ATWS and reduce the
. consequences should. failures occur. The
requirements for pressurized water reactors are:

1. Additional . equipment, independent of the
reactor trip system,-to automatically activate
the auxiliary feedwater system and initiate a
shutdown of the plant turbine under conditions
indicative of an ATWS.

10.1.10

2. An additional - scram system (all of those
components of the reactor trip system exclu-
sive of Sensors, control element assemblies
and their mechamsms) which also is inde-
pendent of the reactor trip system. Calvert
Cliffs has added a diverse scram system to
comply with item 2 above. The system utilizes
four pressurizer pressure channel instruments
that interrupt the output of the CEDM MG
sets when pressurizer pressure exceeds 2450
psia as sensed by at least two (2) of the four
)] t{ansnntters

Summary

The RPS functions to insure that the fuel
cladding and RCS barriers remain intact duﬁng
anticipated operational occurrences. In addition,
the RPS aids the ESFAS in the mitigation of
accidents by insuring the reactor is shutdown.

The RPS senses safety related parameters and
generates a'reactor trip signal if any parameter
reaches set point. The RPS has four (4) separate
channels and functions with a two (2) out of four
(4) logic to tnp the reactor. Eight (8) RTBs are
controlled by the RPS. These breakers are
arranged in two (2) paralle]l strings with each
string consisting of four (4) breakers. The four @)
breakers are arranged in parallel pairs. The trip
logic for the circuit breakers is a one (1) out of
two (2) for each parallel string.
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TABLE 10.1 REACTOR TRIP SUMMARY

PRE-TRIP TRIP
TRIP SET POINT SET POINT PURPOSE
1. Variable Overpower 104.5% 106.5% Fuel cladding protection
during rapid reactivity
excursions
2. High SUR® 1.5 DPM 2.6 DPM Startup Protection
(backup to VOPT)
3. Low RCS Flow® 97% 95% DNBR
4. Low SG Level 47% 37% Heat Sink Protection
5. Low SG Pressure © 767 psia 703 psia Ensures reactor shutdown
in the event of a MSLB
6. High Pressurizer ¢ 2350 psia 2400 psia RCS Boundary
Pressure Protection
7. Thermal Margin 50 psia Variable DNBR
Low Pessure ? above setpoint
8. Loss of Load ® No pre-trip Turbine Trip Prevents large RCS pressure
upsets (lift of PORVs,
safeties)
9. High Containment No pre-trip 2.8 psia Ensures reactor shutdown
Pressure in events requiring safety
injection
10. Local Power® Variable Variable KW/ft. (Prevent peak local
Density (Axial power)
Power Distribution)
Notes

Trip is bypassed below 107% and above 15%.

Trip is bypassed in zero power mode bypass.

Trip is bypassed below 15% power. Trip utilizes an auxiliary trip unit.

The pressurizer power operated relief valves are opened by the high pressurizer pressure trip.
Trip may be bypassed at 785 psia.

bl ol
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' 10.2 * THERMAL MARGIN LOW " 7. Steam generator pressures
PRESSURE 'AND LOCAL POWER ~ :
DENSITY TRIPS The TMLP® calculator combmes all of these
. S n inputs and calculates® an " allowable . operating
‘ I:eéu"nin’g bhjectiies: S pressure (set point). If the actual pressure in the

) RCS is lessthan or equal to the allowable operat-

Y State the purposes of the thermal margin low ing pressure, a trip signal is generated.
B pressure (TMLP) . and local power densrty

o ) (LPD) trips. The LPD trip receives inputs from both of the .
’ S neutron detectors of the linear power safety
2 Llst the mputs to the TMLP and LPD tnps .- channel and compares the reactor’s actual ASI

*"(internal tilt) with an’allowable ASI generated by
3. State the pl‘ant' coriditions used to determine the LPD trip unit. If actual ASI exceeds allowable

_ when these trips are in effect. " ASL atrip signal is generated. -
1021 ‘In‘t,‘;&uc,'io,, 10.2.2 - TMLP Calculator . .
The TMLP trlp and the LPD trip function to' '~ AS previously- stated, the :purpose’ of the

ensure that the specified acceptable fuel design TMLP trip is to prevent reactor operations with
limits (SAFDL) of departure from nucleate - the departure from nucleate boiling ratio (DNBR)
boiling (DNB) and linear power density (kW/ft) - Jess than its design value. In addition this calcula-
. are not exceeded during antrcxpated operational ~ 'oF will generate a reactor trip signal if asymmet-

»-~ .occurrences (AOOs) The TMLP and LPD trips . " ric steam generator condxtmns exist. -

~also help to ensure cladding integrity during upset = ) S

.. conditions such as a complete loss of reactor - - An asymmetric steam generator is a condition

coolant system (RCS) flow. In addition a TMLP of more heat removal from one steam generator

trip will be generated if asymmetnc steamm than from the opposite steam generator. This
generator conditions exist. ~ + condition is indicated by a differential pressure

between steam generators that is in excess of a

The TMLP trip meei\?es inputs from: b . pre se]ected value (

1. RCS hot'ieg tg,,'ipe,gm; ' 10.2.2.1 AT / AT Power Ca]culatlons '

9. RCS; c’olciifleg ,t‘ernperatur’e, Since one function of the TMLP trip is to
L. o prevent DNB, and DNB varies with power, the
o 3. Linear pe\i'er range Sz{fet)‘, channel, -TMLP calculation utilizes two power signals. One

' S " of the power 'signals comes from the excore

4. Pressurizer pressure, © . nuclear instrumentation linear power -safety

o S s - channel. The other power signal comes from AT
5. A;cial shape index (ASD), ' t- " ‘power which is calculated by'the TMLP calcula-

tor.”As shown.in Figure :10.2-1, each of the four

6. R(fS flow depéndarnt'seflector"‘switch (FDSS), (4) TMLP calculators receive an input from the
and ’ ' . excore linear power safety channel located in its

USNRC Technical Training Center » 10.2-1 Lo - . . ., Rev1200
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respective reactor : protection system (RPS)
channel. The nuclear power input signal is sent to
a high select unit (>) that selects the highest of
nuclear power or AT power.

The AT power calculation shown on Figure
10.2-2 uses the following formula:

Q=mCp(Th - Tc)

The temperatures used in the calculation are
average Th and the maximum Tc - The mass flow
rate (m) is a constant that is placed into the
calculation. The mass flow rate constant is unity
for four (4) reactor coolant pump (RCP) operation
and less than unity for other pump configurations.

In addition to the AT calculation, the calcula-

tor also generates terms proportional to the first

and second powers of AT and to the product of
AT and Tc. These three (3) terms are used to
account for coolant density, specific heat, and
flow rate variations with power. To provide an
indication during mild transients, such as ramp
load changes, a dynamic response term (d/dt) is
added to the AT.

The output of the AT calculation is_sent to a
high select unit (>), to the LPD calculator, to
recorders in the main control room and to the
pressure setpoint calculation portion of the TMLP
calculator

The high select unit selects the highest of AT
or excore nuclear power. The selected power is
called Q power and is sent to. the pressure set
point calculator and to the variable overpower trip
(VOPT) circuitry. A difference amplifier (A)
subtracts AT power from excore nuclear power
and displays the result on a reactor protection
system (RPS) meter. If the difference between

nuclear power and AT power exceeds * 5%, a
control room annunciator will alarm. '

When nuclear power is below 10%% (as
sensed by the wide range logarithmic channels)
and the zero power mode is selected, the AT
power input to the high select is defeated. As a
result, the high select unit_output (Q power) is
forced to select the’ power signal from the excore
nuclear instrumentation. The purpose of this
interlock is to block the AT power calculation
when RCS temperatures are below the narrow
range values (less than 515°F).

In addition to the input to the high select unit,
AT power is also supplied to the calculation of
LPD. The LPD calculation will also select the
highest of AT power and excore nuclear power
and use the ‘selected signal in the LPD trip set
point generation.

AT power from the RPS channel A calculation
is supplied to' two (2) control room recorders.
Each of these recorders plots AT power (RPS-

' channel A) and control channel power from one

(1) of the two (2) redundant reactor regulating
systems (RRS).

As described earlier, the output of the high
select unit (Q power) is also supplied to the
variable overpower trip. Meters located in the
main control room display Q power.

10.2.2.2 Pressure Set point Calculator

The pressure set point calculator (Figure 10.2-
3) performs the following functions:

1. Generates a signal (Qpyp) Whichisa
function of core power (Q) modified by
penalty factors based on worst case CEA
position and calculated ASIL Qg is also
modified by the input from the FDSS.
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2. Generates a variable low pressure trip signal
(Pyar) based on inputs from Qpyp, Tcay and

" the FDSS.

f :

Selects the hlghest of the following: -
e asymmetric steam generator input,
o the low pressure trip signal (Pyag), or
e a fixed low pressure trip set point

i P,

‘and’ gene'rates the pressqre trip’signal (Prrip)-

" 4. Generates a pressure pre-trip (Ppgerrip) 2t ' 50
“psia’ above thelpressﬁre' trip signal.

U The pressure set ‘point calculator expresses

" core thermal-limits in terms of inlet temperature,

 axial shape mdex, core power (multiplied by

fcontrol element assembly position “corrections),

- and coolant flow. Note that DNB is a function of

all of these factors.” The combination of these *
signals generates a three-dimensional power °

signal. The output of the pressure set point
calculator is a conservative pressure limit.

.~

QDNB is’ generated as'a function'of core power -

(S

' The second input into the low pressure trip set
point calculation is T¢;. Due -to .temperature
“differences that can occur-in less than full RCS
flow conditions, -the ‘cold leg~ RTD. may. not

: produce an accurate indication of the hot channel

‘inlet temperature. Tc,. , which.is a function of
AT power,- compensates - the - highest.. Tc - for
possible temperature differences. In addition, a

“‘flow -dependent constant: determined .by the

position of the FDSS is applled to. the AT power
: mput toTea, - - .

1. R , . . e w
.

The final input to ‘the low pressure ‘trip set

. point” calculation-is a flow dependent constant

" determined by 'the position of the FDSS.' Since
plant * technical specifications prohibit power

" operation with less than four (4) reactor coolant

-

- (Q) control e]ement assembly (CEA) position and -

“ASL’ -In the generation of this- function,’ the
"maximum CEA ' -deviation permitted for
" contintious operation is assumed. In addition, the -
_required ~CEA - sequencing is also assumed.

‘Fmally, ‘the’ CEAs are assumed to be-at the

transrent insertion limit.

o~ »

 The ASI function is essentially a ‘set of
limiting axial power distributions at 100% power -

as determined from axial shape analysis. The
axial shape analysis determmes the axial shapes

that result in a minimum DNBR (All other DNB )
factors are held constant). The axial shape -

analysis includes CEA power ‘dependent insertion
limits (PDILs) and an overpower margin. " Qpyp is
modified by a flow constant, determined by the
position of the FDSS.

. mputs

pumps, -most -units have modified the flow
dependent ‘set point selector to only supply the
four (4) pump signal. .After all the inputs_are
combined, a low pressure trip set pomt (PVAR) is
generated. o 2 :

A plot of Py, as a function of T, is shown
‘in"Figure 10.2-4." Once the set point value - has
been calculated, it is sent to a set point lugh select
umt : St ' ‘

&

10 2.2.3 Trlp Set pomt Selectlon .

A
%

As shown on Frgure 10.2-3, the set pomt high
“select unit, which provrdes Pmp has the following

L

1Py ' o

2 A fixed low pressure set pomt Pum of 1875
p51a and o -

3. Asyrnmetric steam generator trip (ASG’i‘)
logic circuit.

USNRC Technical Training Center

T 10243 AV

Rev 1200



Combustion Engineering Technology Cross Training Course

. .TMLP & LPD

The fixed set point of 1875 psia ensures that
the reactor will be tripped prior to pressure
dropping below 1875 psia. In effect, this limits
the calculational requirements of the TMLP
circuitry by ensuring a reactor shutdown at or
below this pressure even though P,,z might
calculate a set point below 1875 psia.

The ASGT input ( Figure 10.2-5) functions to
preclude core radial flux imbalances; caused by
reduced heat transfer from the RCS to a steam
generator whose main steam isolation valve
(MSIV) is inadvertently closed. Closing of a
MSIV would produce isothermal conditions in
one loop. Since less than perfect mixing occurs at
the core inlet, one-half of the core would see hot
water from the loop associated with the closed
MSIV, and the other one-half of the core would
see cold water. The negative moderator
temperature coefficient may cause unacceptable
power peaking in the one-half of the core that is
supplied with cold water.

The ASGT calculator receives pressure inputs
from each steam generator and calculates a steam
generator AP. If a AP of 135 psid exists, a 2500
psia set point will be sent to the trip set point high
select unit in the TMLP pressure setpoint calcula-
tor. This set point should.be higher than the
variable (Py,p) or fixed (Pyy) set points and will

.be selected by the high select unit. The selection
of the 2500 psia set point, by. two (2) of the four
(4) TMLP calculators will result in a reactor trip.
APs of less than 135 psid result in a zero input
into the trip set point high select unit and have no
effect on the TMLP trip calculation.

Regardless of the trip value sé]ected, the
output of the high select unit is sent to the TMLP
pre-trip and trip circuitry.

10.2.2.4 TMLP Pre-trip Functions

The pre-tnp bistable monitors pressunzer
pressure and the output of the set point high select
unit via a 50 psia bias that is added to the high
select unit’s output. For example, if the output of
the select unit is 2100 psia, the pre-trip bistable
would de-energlze when actual pressurizer
pressure drops to 2150 psia. When the pre-trip
bistable de-energizes, a control element
withdrawal prohibit (CWP) signal is generated
and pre-trip alarms and indication lights are
energized. The CWP prevents additional energy
from being added to the RCS, and the pre-trip
alarms and indication lights alert the plant opera-
tors of. the possibility of a TMLP trip. Pre-trip
functions are disabled in the zero power mode
bypass mode of operation. Pre-trip functions are
operable above 10%% power as sensed by the
wide range logarithmic power channels.

10.2.2.5 Trip Signal Generation

The output of the set point high select unit is
sent to the trip bistable where it is compared with
actual pressurizer pressure. If pressurizer pressure
equals the set point, a trip signal is generated. Trip
functions may be disabled by zero power mode
bypass_key operation but will be automatically
reinstated above 1‘0"% power as sensed by the
wide range logarithmic power channels. The
TMLP trip is interlocked when testing the linear
power range safety channel. If any power range
channel test switch is moved from the-operate
position, a TMLP trip will be generated in that
channel.

10.2.2.6 TMLP Indications

Each TMLP calculator supplies a meter
located in the main control room. Each TMLP

" USNRC Technical Training Center
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- setpoint meter is next'to a pressurizer pressure
meter for that particular channel. If both values
are equal, a reactor trip signal should be
generated. e -

) 10 2. 3 Local Power Density Trxp

- - I

- The purpose of the-LPD trip is to “prevent
cladding damage caused by high linear heat rates

= (KW/ft.). High' linear heat rates can occur-during

-‘axial xenon oscillations or ‘improper operation of
5 “the’ CEAs. Linear heat rate is not a readily mea- <
surable parameter, but it is calculated in the LPD

i‘trip unit using inputs of total power, ASI and the .

- planar radial peaking factor (Fxy).

*- Power and ‘ASI are direct inputs into the trip ¢ -

" calculator, while ‘Fxy is a copservativelyuﬁxed
- input (amplifier gain - adjustments) "that results
- 'from plant safety analysxs

-

- 10: 2.3. 1 LPD Total Power Input

“Liké the TMLP trip ‘unit,’ “the LPD trip unit -

. correction factors.
-‘modified by the shape annealing correction

10.2.3.2 Ratio Unit and Shape )
Anneahng .

[

--'The ratio unit ‘divides the average of ‘the

o differénch in the lower and upper detector outputs
“((L - U)/2) by the average of the upper and lower
-"detector ‘outputs ((L. + U)/2) to-obtain an axial

shape index factor called external tilt. This signal
is equal to ((L - U)/(L + U)), and is proportional to
ASI. Since the upper neutron detector can’sense
neutrons that originated in the lower half of the

- core, and the lower detector can sense neutrons
~that originated in the upper half of the core, a
.shape annealing -correction must be applied to

external tilt so that it is truly an ASI signal.

-The shape. annealing correction factors are
derived during testing by comparing.incore
neutron detector ASI with excore ASI. Various

"~“ASIs” are generated :by - inducing -axial Xenon
*oscillations.: A linear least-squared fit of the data

pointsis performed to yield the shape annealing
«-The external tilt :is then

(Figure 10.2-6) also uses two power input signals. ~ factors to yield mtemal tilt or ASI

One based on AT power, and the other signal is-
based on the excore linear power range safety--
channel.

average of the upper and lower detector ((L +
U)/2) outputs, and the second signal is the
difference between the outputs of the lower and
upper detectors divided by 2 to normalize the
signal to 100% ((L - U)/2). The average of the
upper and lower detector signals (total nuclear-,
power) is sent to a high select unit that selects the:

AT power is supplied to the LPD trip~ .
unit from the TMLP calculation. The linear power:

range safety channel supplies two inputs to the’ .
LPD trip unit. One of the two signals is the:.

10233 ° ASI Limit Generationv

~" Nuclear power and AT power are ‘supplied to

:a high select unit where the highest of the two (2)
- powers is selected for the power-signal (Q) in the

LPD calculation. Q power is'modified by a flow
constant determined by the FDSS. The modified
Q power signal is supplied to a function generator
where it is modified by CEA position. The CEA
modification is the same as the modification
. performed in"the TMLP calculator. The modified
-.Q power is sent to the calculation of posmvc and

highest of AT power or neutron power. In addition- - neganve tilt limits. . - - .

to the input to the high select unit, the average ..

power is sent to a ratio unit for the calculation of -

ASI. The ratio unit also receives an input from the
difference of the lower and upper detectors. !

1 ~

Positivc and‘negative trip limits, - as well as
their associated pre-trip limits, are calculated as a

~function’ of Q. - The tilt limit envelope or_tent
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(Figure 10.2-7) represents conservative values of
ASI and prevents linear heat rate limits from
being exceeded. The tilt trip limits and tilt pre-
trip limits are supplied to the trip and pre-trip
bistables where they are compared with the actual
value of internal tilt. As with all RPS trips, if the
actual value exceeds the limit, pre-trip and trip
signals will be generated. :

10.2.3.4 LPD Indications -

In addition to the typical .pre-trip- and trip
alarms, the LPD calculation also supplies three (3)
main control room meters. One meter displays
internal tilt, while the positive and negative trip
limits are displayed on the other two meters. If
internal tilt is between the limits, LPD trips will
not occur. ‘

Q power from each of the four (4) LPD
calculations is supplied, via the power ratio
calculator, for the generation of pre-power
dependent insertion limit (PPDIL) and power
dependent insertion limit (PDIL) alarms. The
highest of the four (4) Q power signals is selected.
An allowable CEA position is calculated that is a
function of the highest Q power, and compared to
actual CEA position. If the CEAs exceed the
allowable CEA position, alarms will be generated
to alert the operator. - It should be noted that the
PPDIL and PDIL limits differ by a constant, and
comparisons with both limits are made.

10.2.3.5 LPD/Power Range
Interlocks

The LPD trip, like the TMLP trip, is inter-
locked with the nuclear instrumentation test
switches. If any test switch in moved from the
operate position, an LPD trip will be generated.
‘Also, the LPD trip is: automatically bypassed
when nuclear power, as sensed. by- the linear
power range safcty' channels, is less than or equal

to 15%. -The bypass is automatically removed
when power is increased above 15%.

10.2.4 Summary

The TMLP and LPD trips ensure that DNBR
and linear heat rate limits are not exceeded. In
addition, the TMLP trip provides protection for
asymmetric - steam generator conditions. The
TMLP trip receives inputs from hot and cold leg
temperatures, linear power range safety channels,
pressurizer pressure, the flow dependent set point
selector, ‘and steam generator pressures. The
TMLP _trip is bypassed when the zero mode
bypass is in effect.. The trip is automatically
reinstated when power exceeds 10*%. The LPD

.trip receives inputs of nuclear power from the

linear power range safety channel and AT power
from the TMLP circuitry. The LPD circuitry
provides input to a high select unit that selects the
highest of nuclear power or AT power. The
average power is sent to a ratio unit for the
calculation of ASI limits, pretrip values and trip
values. The ASI values are displayed in the main
control room.
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. 2 Llst the 1nputs, actuation systems
examples of components that are actuated by ’

103 ENGINEERED SAFETY
FEATURES ACTUATION SYSTEM

' il;éarning Objectives:

1 State the purposes of the engmeered safety -

features actuatron systems (ESFAS).

the ESFAS

3. 'Explaip the ESFAS logic.

4 ‘ Describe the ser]uence of events (flow path),

4

" * USNRC Technical Training Center

beginning at the sensor up to and 1ncludmg
_ the start of an ESF component that occurs
" when an accident condition is sensed. -

5 Exp]am how the ESF actuatlon system(s) -

. 1s/are desrgned with redundancy

6 Explam how ESF systems are bypassed
, dunng a normal plant shutdown

o accrdent T .

' ',103.1 Introduction ~

The purposes of the ESFAS is to sense:
accident related parameters and to actuate equip- -
ment that will mitigate the consequences ‘of the’

accidents. Included in this broad statement is the
actuation of equrpment that removes core decay
heat, providés fof long term core coohng,

terminates steam liné breaks, and protects the

containment building fission product barrier.

and -

. .Combustion Engineering Technology Cross Training Course - <

> 4. . Steam generator pressure, _

‘5. « Steam generator level, -

6. 4160 Vac ESF bus voltage, and L ,"‘ o

- --ESFAS

2. Containment pressure,

3. Containment radiation, -

Al

7. Refueling water tank (RWTj level. - .

The first four (4) input parameters can be used
to signal that a loss of coolant accident or steam

. line break has occurred. The steam generator level

~

| . 7 Explam how the operator can gain control ‘
' _(override) of an ESF component dunng an’'

input actuates the auxiliary feedwater system
(AFW). The 4160 Vac ESF bus voltage input is

- used to sequence loads onto the diesel generator

during accident conditions. Finally, the. RWT

«level input is used to switch the emergency core
‘. ~cooling equipment to the long term core cooling

mode of operation.

_The input signals are used to actuate eight (8)

: separate ESF actuation systems as listed below:

1. Safety m_]ectlon actuatlon srgnal (SIAS)

R

2. Contarnment spray actuation sxgnal (CSAS),

L\-; ,‘

The ESFAS receives inputs from:

1. Pressurizer pressure,

r
- ( o

3. Contamment 1solat10n srgnal (CIS)

4, Recrrculatron actuatJon srgnal (RAS)

5. Contamment radlatron srgnal (CRS),
6. . Steam generator isolation signal (SGIS),

7. Auxiliary feedwater actuation signal (AFAS),
. and- : <

- 8. EDG Sequencing Signal.

-10.3-1 T L
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10.3.2 System Description

The ESFAS consists of four (4) sensor
subsystems that monitor redundant and
independent process measurements and generate
trip signals when the process variable reaches an
unsatisfactory level (set point). Table 10.3-1 lists
the setpoints for the various ESFAS parameters.
Each subsystem receives one (1) pressurizer
pressure input, one (1) containment radiation
input, two (2) steam generator pressure inputs
(one for each steam generator), two (2) steam
generator level inputs (one for each steam
generator), one (1) RWT level input, one (1) bus
under voltage input, and three (3) containment
building pressure inputs.

Each input is monitored by one (1) or, in some
cases, two (2) bistables. The bistables provide a
trip signal when the input reaches a preset level.
When tripped, the bistables provide logic outputs
to the actuation subsystems.

The two (2) redundant and independent
actuation subsystems ' monitor: . the  sensor
subsystem bistables for trip conditions. If the
proper coincidence- logic exists, the ESF
equipment will be actuated by the actuation

subsystems. Figure 10.3-1 shows the general.

layout of the ESFAS system. As shown in the
drawing, the input of the’ ESF parameter is
supplied by a detector to a bistable. The bistable
determines if the parameter has exceeded the
allowable value and sends an output to the
actuation subsystems.

In the actuation subsystem, a determination of
proper logic is made. If at least two (2) of the four
(4) detectors (as determined by bistable output)
have sensed a need for ESF actuation, then each
actuation subassembly will actuate ESF
equipment. One actuation subassembly activates
train "A" equipment, and the other subassembly
actuates train "B" equipment.

To illustrate the operation of the sensor and
actuation subsystems, assume that the four (4)
detectors shown on Figure 10.3-1 are pressurizer
pressure detectors. When a loss of coolant
accident occurs, pressurizer pressure decreases.
When pressure drops to the SIAS set point (1740
psia), the bistables in the sensor subassemblies
will sense that an accident is taking place. The
bistables will send a signal to the redundant
actuation subassembhes When the actuation
subassemblies sense that at least two (2) of the
four (4) bistables have actuated, the actuation
subassemblies will actuate the ESF equipment. A
typical component that is actuated by the SIAS is
a high pressure safety injection (HPSI) pump.
One of the actuation subsystems will actuate the
11 HPSI pump, and the redundant actuation
subsystem wﬂi actuate the 12 HPSI pump.

The sensor subsystems bistables turn off (de-
energize) when an actuation set point is reached,
and the logic sensors in the actuation subsystems

turn on (energize) when the proper two (2) out of

four (4) logic is’ sensed. The turn off-turn on
characteristic of the bistables affect the operation
of the systems when power is lost. If power is lost
to a sensor subsystem, all of the bistables in the
subsystem will de-energize. This will result in one
input to each of the actuation subsystems. Since
the subsystems require a two (2) out of four (4)
logic, no ESF equipment will actuate. If power is
lost to an actuation subsystem, all ESF actuation
signals to the equipment in one train would be
lost; howevcr, the redundant train equipment
would be available for plant protection. In
addition, ,thc operator would be able to manually
actuate ESF equipment from its normal control
station.

USNRC Technical Training Center
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10.3.3 Detailed Description -

10.3.3.1 Safety In_]ectnon Actuatlon Signal
(SIAS) ’

The SIAS initiates operation of equipment that
is- necessary for core cooling and to ensure
adequate shutdown ‘of the reactor in the event of a
LOCA, a ‘main steam line break, or a main
feedwater line break inside of the containment. In
order to provide protectlon for these accidents, the
SIAS monitors pressurizer and containment
building pressures.

.~ Each of the four (4) pressurizer pressure
transmitter mputs (Frgure 10.3-2) provides a
signal to the reactor protectron system (RPS) and
the ESF. actuatron logic. In the ESF actuation
- loglc the pressunzer pressure signal is routed to

two (2) bistables. The first of these bistables

compares the detector s s1gnal with a set point of .
*. containment " building “pressure-inputs into the

.- 1740 psia and is used to initiate the SIAS. The

. ‘second brstable compares the detector s output

.~ withaset pomt of 1785 psia. The actuatlon signal
. flow path will be described first.

. From the 1740 psia brstable the signals are
; sent to the redundant actuation subsystems where

;- the two (2) out of four (4) logic is sensed. ‘The

. output of the two (2) out of four (4) logic circuits
.is routed to the SIAS 1mt1at10n AND gate where
itis combmed with the pressunzer pressure block

- logic. The pressurizer pressure block must not be

- mltrated for the signal to pass through the SIAS
_. initiation AND gate. From the output of the SIAS
- initiation AND gate, the low pressurrzer pressure

.. four (4) low pressunzer pressure srgnals or two
" (2) out of four (4) high contamment 'building
pressure srgnals are sensed, a SIAS signal will be
generated. Once a SIAS signal is generated, it is
sealed in by a loop from the output of the SIAS

4 e e T e e . -

OR gate to its mput via the SIAS reset c1rcurtry

" The containment burldmg pressure > SIAS input
is rélatively simple  in"-comparison - to .the

.pressurizer pressure input signal. Each of the four
! (4) containment building pressure transmitters

supply a signal to the RPS and the ESF actuation
logic. In the ESF logic, the signal is routed to a

* “bistable where it is compared to a two and eight-

tenths (2.8) psig set point. From that bistable, the
signal is sent to the redundant actuation
subsystems where the two (2) out of four (4) logic
is sensed. The output of the two (2) out of four (4)
logic circuit is transmitted to the SIAS initiation
OR gate.- Again, if eithér two (2) out of four (4)

" low pressurizer pressure signals or two (2) out of

four (4) high containment building pressure

. signals’ are -sensed, an- SIAS srgnal will be

generated.

. In addition to the pressurizer pressure and the

SIAS initiation OR gate, the OR gate also receives
an input from a manual push-button. The manual
push-button is installed to allow the operator to
manually initiate SIAS if plant conditions warrant
(pressurizer level is decreasing with all three
charging pumps running, which is indicative of a

“LOCA and the operator needs to add inventory to

the RCS) or if a failure of the automatrc initiation

“cifcuitry occurs. ;¢ L s )

As previously discussed, once an SIAS signal
is generated, it is sealed in. If the parameter(s)
that caused the generation of the signal return to
an untripped value (pressurizer pressure > 1740

- "signal is.sent to the SIAS initiation OR gate" > psia or containment building pressure <2.8 psig),

where it is "combined wrth the hlgh contamment'
burldmg pressure srgna] If erther two (2) out of ‘

.~ the SIAS signal can be reset by depressing the

SIAS reset push-button. When this push-button s

““!actuated, the last of the remaining inputs to the

SIAS initiation OR gate is removed. The
equipment that received the SIAS signal can now
be controlled normally.
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The SIAS signal operates equipment to
provide emergency core cooling, adds boric acid
to the RCS, isolates RCS and containment
penetrations, realigns cooling water systems,
places the emergency diesels in a standby
condition, and opens the containment spray
header isolation valves.

The following is a list of SIAS actuated
components:

1. Emergency Core Cooling Systems

a. Starts two (2) HPSI pumps,

b. Opens eight (8) HPSI injection valves,

c. Opensthe HPSI auxiliary header isolation
valve (if closed),

d. Opens HPSI recirculation valves Gf

closed), i
e. Starts two (2) LPSI pumps,
Opens four (4) LPSI injection valves, and
g. Opens four SIT outlet isolation valves (if
closed).

]

2. Boric Acid Addition ) .
. Starts two (2) boric acid pumps,
Starts three (3) charging pumps,
Opens the gravity feed valves, -

aoop

operated valve,

e. Boricacid pumprecirculation valves close
and

f. VCT outlet valves close.

3. RCS and containment penetrations_

a. Closes the letdown loop isolation valves,

b. Closes the RCP controlled bleed off
. valves, .

‘c. Closes the RCDT containment 1solat10n
- valve,and oo

d. Closes the RCS sample valves.

Opens the boric acid addition motor-

4. Cooling water system realignments

a. Starts two (2) service water pumps,

b. Isolates service water to the turbine
building,

c. Starts two (2) cornponent cooling water
pumps,

d. Opens the CcCw supply to the shutdown
cooling heat exchangers, and

e. Starts two (2) salt water pumps.

5. Emergency diesel generators are started.
6. Opens both spray header isolation valves.

When 'the plant is being cooled down,
pressurizer pressure is decreased. To prevent
unnecessary actuation of SIAS during a plant cool
down, a'method of bypassmg the low pressunzer
pressure condition is mcorporated inthe desxgn of
the ESF. As shown in Figure 10.3-2, the
pressurizer p'ressure transmitter supplies an input
to a bistable with a set point of 1785 psia. From
the blstable, the signal is routed to a three (3) out
of four 4) Iogxc circuit. The output of the three (3)
out of four (4)° loglc circuit is supplied to the
pressunzer pressure block AND gate, where it is
combmed ‘with a key operated block switch. As
the plant is mtennona]ly depressurized, - the
operator recelves an alarm when at lea.st three (3)
out of the * four’ (4) pressurizer pressure
transrmtters sense a pressure of less than 1785
psia. The operator places the key operated block
sw1tch in  the bypass posmon satisfying both
input conditions to the pressurizer pressure block
AND gate. The output of pressurizer pressure
block AND gate is sealed in, and the operator may
remove the key from the block switch if desired.
It should be noted that when pressurizer pressure
exceeds 1785 psxa, the three (3) out of four (4)
input to the pressunzer pressure block AND gate
will be lost, and the pressurizer pressure block
will automatically be removed.
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10332 Containment Isolation Signal (CIS)

The isolation of containment during a loss of
coolant accident minimizes the leakage paths for
fission products through non-safety ~related
penetrations.

The containment isolation signal -

(CIS) is generated by hlgh contarnment building -

| pressure.

As shown in Flgure 10.3-3, four (4)
mdependent contamment
_ transmitters supply the CIS with inputs. Each
transrmtter supplies an input to a bistable in the

energizes and sends a signal to the two (2) out of
four (4) logic circuits
subassembhes If at least two (2) bistables de-
energrze ‘a CIS 51gna] is- generated Once

" initiated, the CIS signal seals in via the CIS reset

c1rcu1try CIS can also be manually mrtlated by
the operator )

The CIS " srgnal actuates the’ followmg
equrpment

1. cCWis isolated to iiie RCPs,

-

2 Contamment penetratlon room ventilation

units start

3. Contaxnment iodine removal system is placed

~in servrce, and

As prev1ously dlSCIlSSCd once a CIS signal is .+

building pressure

in the ~actuation -

The equipment that received the CIS signal can
now be controlled norma]ly

10.3.3.3 Contamment Spray Actuatlon
Signal (CSAS)

* " Four (4) independent containment building

“pressure transmitters (Figure 110.3-4) provide

.. sensor subsystem If pressure equals or exceeds -
two and elght-tenths (2.8) psig, the bistable de- "+ el e
-+~ The CSAS automatically initiates operation of

rigda Amy N .
PSS AR N -

generated it is sealed in. If the parameter(s) that :

caused the generanon ‘of the signal return to an

. untnpped value (contamment bulldm g pressure <

2.8 psig), | the’ CIS signal can 'be 'reset by--
_depressing the CIS
push-button is actuated, the last of the remaining

inputs'to the CIS initiation OR gate is removed.’

signal ‘iriputs to "the "CSAS. These :pressure
-transmitters are separate from those used for SIAS

“and CIS. ‘The actuation circuitry for CSAS is

identical, with the exception of a four and one-
quarter (4.25) psig set point, to the c1rcu1try for
the CIS: =~ 3.7

the equipment required to provide adequate
containment - cooling. ‘Containment - cooling
reduces the pressure inside of the containment
following™an accident “which minimizes: the
driving force for the leakage of fission products
and reduces containment building stresses. ..°

“The CSAS srgnal actuates the followmg
equlpment

1. Starts two (2) containment spray pumps,

14

2. Starts the containment cooling fans

-~
e ' >

e .!‘ J M 5% LA N
3. Opens the service water outlets from the
containment building cooling fans,

x

't r -

. , L .- 4, - Closes : the - main -steam isolation valves
4. Containrnerit instrument air supply is isolated. ..:.:.

: o .
Y . [ T o~ 1»" N

*(MSIVs), main “feedwater isolation valves
(MFIVs), and -, Doen e e

5. Tnps the main feedwater pumps, the
condensate booster pumps, a_nd the heater
drain pumps.

Zq f, 3 “J’é"l

reset push-button When this " ..~ To prevent an madvertent CSAS actuatlon in

_the .event of an -undesired ; trip, of the CSAS

" equipment, the containment spray‘header 1solatlon

~103-5 B
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valves are opened by the SIAS.

10.3.3.4 Recirculation Actuatioﬂ Signal

(RAS)

Four (4) independent refueling water tank
(RWT) level switches provide inputs to the RAS
(Figure 10.3-5). Actuation of the RAS occurs
automatically as a result of either two (2) out of
four (4) low RWT water level trip signals or from
manual initiation. The operation of the circuitry is
identical to the CIS circuitry.

The RAS initiates operation of the equipment
necessary to provide a continuous source of water
for decay heat removal and containment spray.
The following list summarizes the actions that
occur when a RAS is generated: -

1. The containment sump suctions open,
2. The LPSI pumps are stopped, |

3. TheLPSI, HPS], and containment spray pump
minimum recirculation valves close, and

4. The CCW heat exchanger salt, water valves
open.

10.3.3.5 Containment Radiation Signal
(CRS)

Four (4) independent radiation detectors
located within the containment building provide
signal’ inputs to the CRS actuation "circuitry.
Actuation of CRS occurs automatically as aresult
of either two (2) out of four (4) high radiation
- detector channel tnp signals or from manual
initiation.

A CRS automatically operates the equipment
necessary to limit the release of fission products
during refueling and maintenance periods when
* containment integrity is breached. The CRS

isolates the containment purge system by stopping
the purge supply and exhaust fans and closing the
containment purge valves.

10.3.3.6 Steam Generator Isolation Signal
(SGIS)

Four (4) inﬂependent steam generator pressure
transmitters for each steam generator (Figure
10.3-6) provide inputs to the SGIS. Since the
inputs for each steam generator are identical, only
one of the steam generator inputs will be
discussed. = The ‘steam generator pressure
transmitter supplies an input to two (2) bistables;
a SGIS actuation bistable with a set pomt of 703
psia, and a SGIS block bistable with a set point of
767 psia.

From the 703 p51a bistable, the signals are sent
to the redundant actuatlon subsystems where the
two (2) out of four (4) logic is sensed. The output
of the two (2) out of four (4) logic circuits is
routed to the SGIS initiation AND gate where it is
combined with the steam generator pressure block
logic. The steam generator pressure block must
not initiated for the signal to pass through the
SGIS initiation AND gate. From the output of the
SGIS initiation AND gate, the low steam
generator pressure signal is sent to the SGIS
initiation OR gate where it is combined with the
manual push-button signal. If either two (2) out
of four (4) low,steam generator pressure signals
are sensed or the manual push-button isdepressed,
an SGIS signal will be generated Once a SGIS
signal is generated, it is sealed in by a loop from
the output of the SGIS initiation OR gate to its
input via the SGIS reset circuitry. The equlpment
that is operated by the SGIS and its 1nterface with
the CSAS is shown in Figure 10.3-7.

When the ﬁlaht is being intentionaliir cooled
down, steam generator pressure will decrease as
RCS temperature is decreased. To prevent
unnecessary actuation of SGIS during a plant cool

USNRC Technical Training Center
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down a- method of bypassing "the’ low steam

© generator pressure condition is mcorporated inthe

" design of the ESFAS. As shown in Figure 10.3-6,
the steam generator pressure transmitter supphes
‘aninputtoa bistable with a set point of 767 psia.’

" From the brstable the signal is routed to a three’

(3) out of four (4) logic circuit. The output of the -

the steam generator pressure block AND gate*™

where it is combined with a key operated block -

switch. As the plant is intentionally cooled down, -

" the operator receives an alarm ‘when at least three"’

" (3) ‘out of the four (4) steam generator pressure
transmitters sense a pressure of less than 767 psia.
" The operator places the key operated block switch
in the bypass position, and both input conditions
to the steam generator pressure block AND gate

“are satisfied. The output of the steam generator :

pressure block AND gate is sealéd in, and the
operator may remove the key from the block -

s switch if ‘desired. It should be noted that when -
' steam generator pressure ‘exceeds 767 psia, the .. "

" three (3)-out of four (4)-input to ‘the steam
generator pressure block AND gate will be lost, .
‘and the steam generator pressure block will |

-

A autornatlcally be removed -~ -

3 .10.3.3.7 DieselGeneratorSequencingSignal-

- The diesel generator’ sequencing” -signal -
functions to provide"an emergency source of.

power for the operation .of the 4160 Vac .. -

distribution system through the application ofload -
sheddmg ‘and sequentral reloadmg The :
sequencmg crrcultry also’ prevents overloading of .
the diesel generators by the sequencmg of heavy

) electncal loads :

“The sequencing circuit is supplied with inputs
that sense under voltage '(UV) conditions on the -
‘41 60 VacESF busses. As in all ESF systems, the -

3 - crrcurtry uses a two (2) out of four (4) coincidence

* logic; however, the output of this ESF circuitry is
dependent upon plant conditions. "

If a loss of power occurs without a coincident
SIAS signal, the sequencer automatically
energizes “selected “essential loads at. five: (5)
second intervals. The selected loads include the

- service water pumps, the salt water pumps, and
""the instrument air compressors. If aloss of power
-and a SIAS is sensed at the same time, the load
" three (3) out of four (4) logic circuit is supplied to

sequencing of the diesel generators will include
safety related pumps such as the HPSI and LPSI
pumps N : .

f 10 338" Auxrllary Feedwater Actuatlon

System (AFAS) . .-".

~ The actuation of auxiliary feedwater. (AFW)
by the 'AFAS ensures that the steam generators
will be available as a RCS heat sink. The ability

:"to transfer decay heat to the steam-generators is

1mportant for anticipated operational occurrences

. such as a loss of main feed and for small break

" loss of coolant accidents.-.

The AFAS receives mputs from four (4)
channels of level indication from each steam
 generator (Figure 10.3-8). Each transmitter signal
feéds a low level bistable where it is compared

‘with a fixed set point of 40% wide range. If
:actual steam generator level drops to the setpoint,

. the bistable will trip. The output of the bistable is
supplled to two (2) two (2) out of four (4) logrcs

There are two (2) two (2) out of four (4) lo gics
: associated with each steam generator. Each of the
- logi€s receives four (4) low level inputs from its
~-associated .steam generator. If at least two (2)
level transmitters sense that the steam generator
level has dropped to the actuation set point, the
--two (2) out of four (4) logic will have an output.
_The output signal from the four (4) two (2) out of
. four (4) logics enter two (2) AFW start OR gates.
» The OR gates provide redundant actuation signals
to start the AFW system. .Each AFW start logic
may be manually initiated and manually reset
when level returns to set point. Figure 10.3-8
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omits these features for simplicity.

10.3.3.9 Diverse Scram System (DSS)

Over the years,’ new -safety: issues have
surfaced and these issues have required ESF
system modifications. One such'issue is the
anticipated transient without.a scram (ATWS).
Combustion Engineering designed plants were
required to backfit a DSS to provide protection for
the ATWS. Calvert Cliffs utilized the ESF
narTow range pressurizer pressure input to actuate
the DSS on high RCS pressure. -,

10.34 Engineered Safety Features
. Actuation System Design Basis

The ESFAS conforms to the provisions of the

Institute of Electrical & Electronic Engineers .

(IEEE) 279 “Criteria' for the- Protection for
Nuclear Power Generating -Stations”.
Consideration was given to the following criteria:

Single Failure -. No 'single- fault. in the
components, modules, channels, or sensors of the
ESFAS prevents -engineered safety " features
operation. The wiring is installed so that no
single fault or failure, including either an open or
sljorted circuit, negates. minimum engineered
safety features operations. Wiring for redundant
circuits is protected and routed so that damage to
any one path does not prevent minimum

engineered safety features action. The sensors are -

piped so that blockage or failure: of any one
connection does not prevent engineered safety
features operation.

Quahty of components and. modules -
Components and modules'must exhibit a quality
consistent with the nuclear power plant 40 year
design life objective; with minimum mainténance
requirements and low failure rates.

]

. Channel

ESFAS

independence - Independence is
provided between redundant subsystems (sensor
and actuation) or channels to accomplish
separation of the effect of unsafe environmental
factors, reduce the likelihood of interactions
between channels during maintenance operauons
or in the event of channel malfunction.
Independence is obtained by electrical isolation,
physical separation, and system repair.

Electrical isolation is provided between
redundant channels, between sensor and actuation
subsystems, and between the ESFAS and
auxiliary equipment. Electrical isolation ensures
that an electrical fault does not inhibit a protective
action as a result of a redundant system.

Physical separation is maintained between
redundant sensor subsystems, between sensor and
actuation subsystems, and between redundant
subsystems. This is accomplished by the use of
separate and isolated cabinets for each of the four
sensor subsystems and each of the two actuation
subsystems.

With regard to system repair, the ESFAS is
designed such that routine servicing and
maintenance is performed without interfering with
plant operation and without loss of the ESFAS
function. Performance of maintenance and testing
will not result in simultaneous availability of both
actuation subsystems.

For further protection and reliability, the
ESFAS , modules are standardized and
interchangeable, and have a minimum number of
interconnections and interwiring. Wxthdrawal of
or loss of power to a sensor module results in a
trip signal to its associated two (2) out of four (4)
logic. Withdrawal of two (2) sensor modules ofa
common actuation sxgnal results in a trip ‘of the
associated actuation channel. Withdrawal of an
actuation logic module does not result in a trip of
that channel.

USNRC Technical Training Center
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The ESFAS has also been designed to satisfy
seismic and environmental requirements. The
system is seismic Class I and is designed-fo *’
withstand all simultaneous horizontal and vertical
accelerations resulting from the design basis
earthquake without loss of functions. All
components required to operate in a loss of
coolant accident environment are tested at the
expected temperature, pressure, and humidity -
conditions.

B

10.3.5 Summary

The engineered safety features actuation
system is designed to monitor plant parameters
and conditions, and to effect and maintain reliable
and rapid safety equipment operation if any one or . e~
combination of conditions deviates from a
preselected setpoint. Proper operation of the
ESFAS protects the public from the accidental
release of radioactive fission products in the event
of a loss of coolant accident, steam line l;reak, or S
feedwater line break.

Lmee m m ru . em s s -
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TABLE 10.3-1
ESF SETPOINT SUMMARY
System Setpoint Bypass Setpoint
Safety Injection Actuation Signal
Pressurizer Pressure 1740 psia 1785 psia
Containment Pressure 2.8 psig None
Containment Isolation Signal
Containment Pressure 2.8 psig None
Containment Spray Actuation Signal
Containment Pressure’ 4.25 psig None
Recirculation Actuation Signal
RWT Level 30 inches None
Steam Generator Isolation Signal
Steamn Generator Pressure' 703 psia 767 psia
Auxiliary Feedwater Actuation Signal
Wide Range Steam Generator Level 40% None

Notes:

'will also close the MSIVs and MFIVs. In addition, the MFPs, heater drain pumps, and the condensate
booster pumps are tripped.

USNRC Technical Training Center 10.3-10 Rev 0102



1000-1(

DETECTORS
BISTABLES

TO EQUIPMENT

SENSOR
SUBSYSTEM

I i

TO EQUIPMENT

ACTUATION
SYSTEM

Figure 10.3-1 ESF Organization



21601 [eubis uopenoy uoRosfuj Aidjes  Z-g01L aunbidy

~ = = —CONTAINMENT PRESSURE~— == — ———PRESSURIZER PRESSURE~=~=> —*~PRESSURIZER PRESSURE BLOCK==>"

AT PT PT i PT PT PT PT PT PT PT PT

a0 a0 a1 a1 e~ {1

1740, 1740 1740 .} 1740

PSIA PSIA PSIA —L PSIA -L
TO SIAS et | e ? |—a TOSIAS

@@@@@@@@w@@@@@w@@@@

OR

:
> |
:
|

OR

¥ o —@
ol || e—8—=h

E SIAS <> g SIAS <>
TRIPPED (NOTE 4) TRIPPED (NOTE 4)

A2 THRUA10__| . B2THRUB10
(NOTE 3) {NOTE 3)
S A A A R I AR
| (] |
IR TTTR VIV e AT VTR R TTY L
i =24 —{24 x —24]r—]24 | T—3 —134
| geser| @ 1 RESE l MAN MAN
] (NOTE 1) SIAS A1 FROM 11 (N%TE 1.{ SIAS B1 FROM | BLOCK A BLOCK B
! ey PR ST | | &> | Totocks 1 [PERMISSION| | 7 PERMISSION| | T2
BLOCKB
! et 1l oL i |TOBLOCKA TO BLOCK B
| ONLY " ONLY é 0 é 0
'l [AaND M{,ﬁgﬂgﬁ‘qﬁ\lo I i1 |anD MANAL | AnD | (NOTE 4)¥ NOTE 4) V
! : AND AND
| 1
| |
| |
I 1
| |
| |
| I
1 |
I 1
| I
i |
I 1

|
|
|
!
|
|
|
@D E
|
|
i
i
|
|
|

BLOCKED BLOCKED
(NOTE 4) (NOTE 4)
SIAS INITIATION A1 SIAS INITIATION B1 PRESSURIZER PRESSURE PRESSURIZER PRESSURE
e NOTES - I P .51/ . 1 BLOCK A BLOCKB
T TEST REMOTE AUDIBLE VISUAL ALARM NOTE 1 THIS SIGNAL IS INITIATED BY A REMOTE NOTE 3 THIS SIGNAL IS ALSO INITIATED BY LOCAL
PUSHBUTTON (ONE PER CHANNEL) ON PUSHBUTTONS (ONE PER CHANNEL) ON THE
PT PRESSURE TRANSMITTER CONTROL ROOM PANEL 1C10 AND BY LOCAL ASSOCIATED LOGIC ACTUATION CABINET,
O PUSHBUTTONS (ONE PER CHANNEL) ON THE
R LOCAL RED INDICATING ALARM LIGHT ISOLATION ASSOCIATED LOGIC ACTUATION CABINET. NOTE4 ALL REMOTE ALARMS ARE LOCATED ON
CONTROL ROOM PANEL 1C08
OL OUTPUT TO PLANT COMPUTER NOTE 2 THIS SIGNAL IS INITIATED BY A REMOTE
KEYSWITCH (ONE PER CHANNEL) ON
CONTROL ROOM PANEL 1C10.

-0004




21607 [eub|g uciien)oy UOHEIOS] JUSWIUIBlUCD  €-€°0L ainbi4

T TEST
PT PRESSURE TRANSMITTER

- — ——— — o ———— ————— —— ——— — —— = ———— - S
R LOCAL RED INDICATING ALARM LIGHT CONTAINMENT PRESSURE
PT PT PT PT
@ REMOTE AUDIBLE VISUAL ALARM
28 28 28 ‘ 28
O ISOLATION pSIG | I psic | I psic | I PSIG | I
DL OUTPUT TO PLANT COMPUTER
NOTE1 THIS SIGNAL IS INITIATED BY A REMOTE @ SENSOR (D SENSOR (D SENSOR (:) SENSOR
PUSHBUTTON (ONE PER CHANNEL) ON \
CONTROL ROGM PANEL 110 AND BY LOCAL TRIPPED | TRIPPED | TRIPPED % _| TRIPPED
PUSHBUTTONS (ONE PER CHANNEL) ON THE (NOTE 2) =~ (NOTE2) - (NOTE 2) - (NOTE 2)
ASSOCIATED LOGIC CABINET.
NOTE2 ALL REMOTE ALARMS ARE LOCATED
ON CONTROL ROOM PANEL 1C08 <5 T0CIS T0ClS
NOTE3 CIS A1 & B PROVIDE SIGNALS TO <
SEQUENTIAL ACTUATION SYSTEMS A2 THRU A5 B2 THRU B5
BLOCKING CIS A2, A3, A4, A5. B2 BIB4,&BS (e e _(NOTE3) e e e o e ——— — — ] e {NOTED3)__
SUPPLY SIGNALS OYRECTLY TO THE [ ]
EQUPMENT. | I I
| I |
| I |
| 2 : ! 2 :
| 27, ! 27,
|  RESET | RESET !
1 (NOTE 1) 1 (NOTE 1) 1
| Py '
I Ly L
I by !
I Py '
| Iy !
| Ly ‘ :
l AND D AND !
| ___ maN |1 — MAN |
| (NOTE 1) | | (NOTE 1) I
l b !
| P '
' @ N C) |
1 |
@ @
l I !
[ by !
| ® by ® !
| cIs : ! cis !
1 TRIPPED 1 TRIPPED !
I I !
! by !
| CIS At . CIS B1 !
e e e e e e NOTENY S —_——NOTER — e —

-0001




01607 jeubis uojenoy Aeidg JUSWUIBIUCD  H-€0l ainbi4

‘T TEST
PT PRESSURE TRANSMITTER

R LOCAL RED INDICATING ALARM LIGHT D TTTTTTTT CONTA'NMENT PRESSURE TS TT T >
PT PT PT PT
<’> REMOTE AUDIBLE VISUAL ALARM
425 ‘ 425 ‘ 425 ‘ 425 ‘
<> ISOLATION psic | J psic | I psIG | I PSIG | I
DL OUTPUT TO PLANT COMPUTER
NOTE1 THIS ‘-’gg{,’%ﬁg‘"g‘f" zmﬁg_")‘gm ® SENSOR @ SENSOR ® SENSOR O SENSOR
SHI NE PER C N
CONTROL ROOM PANEL 1G10 AND BY LOCAL TRIPPED A TRIPPED A TRIPPED ,_L TRIPPED
PUSHBUTTONS (ONE PER CHANNEL) ON THE (NOTE 2) g (NOTE 2) (NOTE 2) (NOTE 2)
ASSOCIATED LOGIC CABINET.
NOTE2 ALL REMOTE ALARMS ARE LOCATED
ON CONTROL ROOM PANEL 1C08
NOTE3 CSAS A1, A2, B1, & B2 PROVIDE SIGNALS TO <> TO CSAS TO CSAS
N " . e ——————— f————————
SEQUENTIAL ACTUATION SYSTEMS A2 &A3 B2 & B3
BLOCKING CSAS AL S B3 SUPPLY.SIGNAS — — — — | e QTR - e e _(NOTEY)
DIRECTLY TO THE §QUIPMENT. | | |
| I |
1 1
| {
l l
I ! I
| |
I  RESET | | RESET
1 (NOTE 1) ' (NOTE 1) !
| : | :
| 1 | 1
| [ ! |
I ! 1
I ! I
| | I |
I AND | 1 AND c
1 _____ MAN | I _______ MAN I
| (NOTE 1) | | (NOTE 1) |
| | | !
| i I |
i I I
| OR : ' OR I
1 |
| N |
| : 1 :
| ( :)___ i I { : }— |
| CSAS | | CSAS "
| TRIPPED | TRIPPED I
| : ! I
| 1 I |
| CSAS A1 l | CSAS B1 |
| DD (. (¢ ) 1 -¥< ) IR e e e e WNOTEY

0001




21607 [eubig uonenioy UCKEINJINAY G-£'0l ainbi4

T TEST
LS LEVEL SWITCH
R LOCAL RED INDICATING ALARM LIGHT

@ REMOTE AUDIBLE VISUAL ALARM

O ISOLATION

DL OUTPUT TO PLANT COMPUTER

NOTE 1 THIS SIGNAL IS INITIATED BY A REMOTE
PUSHBUTTON (ONE PER CHANNEL) ON

ASSOCIATED LOGIC CABINET.

CONTROL ROOM PANEL 1C10 AND BY LOCAL
PUSHBUTTONS (ONE PER CHANNEL) ON THE ﬂg

NOTE 2 ALL REMOTE ALARMS ARE LOCATED

®_

SENSOR
TRIPPED

REFUELING WATER TANK LEVEL-—=———————=—=—=—~ -

L <30 INCHES

LS LS

L <30 INCHES

RESET

T— 2

(NOTE 1)

AND

MAN

(NOTE 1)

— e —— . — — — A . — — A S — A —— - —— G ——— — — — ——

®___

©)

®___

RAS
TRIPPED

——— A . — — D T— — — S — — — — — — —— — — > — — —— —

LS

SENSOR SENSOR
TRIPPED V1 ) TRIPPED W o1e 2)

o B innint btttk ek e |
! |
| |
| I
|
! T— 2 l
' RESET 4 '
I {NOTE 1) |
| |
| |
| |
l l
| ! |
! AND }
! MAN |

(NOTE 1)
! i
I [
I |
| |
| l
| i
[ |
| |
| |
| |
| |
[ |
i |
| !
I |

L <30 INCHES

SENSOR

1
TRIPPED (NOTE 2)

+-000t




21607 [eubis uopejos| J0jesaUR) WedlS 9-£°01 2unbid

(NOTE 3)

~——————— STEAM GENERATOR A PRESSURE === == == - ~————-- -STEAM GENERATOR B PRESSURE ====——=- >
PT PT PT PT PT PT PT PT
gl ge—~1 L el g1 e i g1l pe——11
o——{ 1| fo—1—{ 1] &~ |1 L] & |— 1 rr—l— 1| o —1— L] & —{ 1| &—|—1
o+d |etd |e1h | erd e+ oD |eth | oD
SENSOR SENSOR
TRIPPED TRIPPED
6] o1h |10 o T o] o] o
(NOTEQJ) (NOTE3)
et 1| I I 1|
I I
! Lid) RER . bt o RER
: T—314 : T—>13 4 : T—=124 : T3 4
| e : B'I\.ASSK | -y : ® Bll\.nggk
(NOTE 1) (NOTE 1) &
| FRLOCKA | [PERMISSION| | 0" : PR s ! |PERMISSION| | M
I I IToBLOCK A I I ToBLOCK B
| ! 5 ' : 0
! é ' AND é
: AND AND : (NOTE 3) ¥ : AND : (NOTE 2)
| : AND , : AND
|~ @ | | ® :
: —® " o | P " o
o : | e !
| SGISA A 1 SGISA A
I [TRIPPED : (N?E 2 x BLOCKEDQ | [TRIPPED : (NQ@E 3 E BLOCKED
: | (NOTE 3) : |
| SGIS INITIATION A : SGIS BLOCK A | SGIS INITIATION B : SGIS BLOCK B
L e e e e e = —— — o e . e e e = oo

T TEST
PT PRESSURE TRANSMITTER

R LOCAL RED INDICATING ALARM LIGHT

DL OUTPUT TO PLANT COMPUTER

@ REMOTE AUDIBLE VISUAL ALARM

O ISOLATION

NOTE 1 THIS SIGNAL 1S INITIATED BY A KEYSWITCH
(ONE PER CHANNEL) ON CONTROL ROOM
PANEL 1C03

NOTE 2 THIS SIGNAL IS INITIATED BY LOCAL
PUSHBUTTONS(ONE PER CHANNEL) ON THE
ASSOCIATED LOGIC ACTUATION CABINET.

NOTE 3 ALL REMOTE ALARMS ARE LOCATED ON
CONTROL ROOM PANEL 1C08.

-0001




CSAS
pr’

A3

83

SGIS
s

B1

Al

—
—

@IQ OR
] |
Y ) B
S © |
Yy
CLOSE CLOSE @ OR
MAIN FEEDWATER ISOLATION VALVES
[ CLOSE CLOSE
@@ MAIN STEAM ISOLATION VALVES
OVERRIDE
]
\ )
AND
sTOP STOP STOP STOP STOP  STOP  STOP
#11 #12 #11 #12 #11 #12 #13
MAIN HEATER CONDENSATE
FEEDWATER DRAIN BOOSTER
PUMP PUMP PUMP

Figure 10.3-7 Steam Generator Isolation Actuation: Main Steam and Feedwater

1000



40%=> 1

SG 11 LEVEL

40% >

1
|

PR T

40% >

1
I

40%>1 |

-

11y

4

40%

PR

1

SG12LEVEL

40% >

40% >

1
1

YY1y

AR1]

4

2
4

OR) AFW START

LOGIC A

AFW START
? LOGIC B

Figure 10.3-8 AFW Actuation Signal Logic

1
|

1000-1

40% >

1
l



Combustion Engineering Technology
Cross Training Course Manual

Chapter 11

ENGINEERED SAFETY FEATURES

Section

11.1 High Pressure Safety Injection System
11.2 Low Pressure Safety Injection System
11.3 Integrated Operation of the ECCS Systems
114 Containment Spray System

11.5 Auxiliary Feedwater System



Combustion Engineering Technology Cross Training Course High Pressure Safety Injection

TABLE OF CONTENTS

11.1 HIGH PRESSURE SAFETY INJECTION

11.1.1 INTOAUCHON  coeereererieercnrecnnenesonsasstssnsstsscssesassssnsnssnssessssssssssussasassanssesassassncsns
11.1.2 System DESCIPON  coeeuercriieeienesusrsnsessssacnsensnenssisnsesesensssssssssssstssnssssssasesessis
11.1.3 Component DESCIPLON  ....coevieeereiieensnersceciiscscsiiniesstntensnstsassesssssussssssasssssssosss
11.1.3.1 Refueling Water Tank  ...covceimeennnennninnecenenetninssssistnsiensnnnens
11.1.3.2 High Pressure Safety Injection PUMPS  ccooveereicnieininccnnsnnecnsienennee
11.1.3.3 Minimum Flow Recirculation Valves  ...cocooeiiimecenisnnseniecnienene
11.1.3.4 High Pressure Isolation ValVes ......ccccconecvninniiennniinsentinsnnnsene
11.1.3.5 Safety Injection Actuation Signal (SIAS)....c.ccevnvrrvirsnsnnnseiensncene.
11.1.3.6 Recirculation Actuation Signal (RAS)  ccovierrricciiiciiiiiaeinenen,
11.1.4 System OPEration  .c.cceceveieresersresssnsnsessnecstssssasisrssasssnessssesssssssssssasasasasasasaass
11.1.4.1 Normal Operation  ....ceiiererserssessssssesssnssesisnscstsusncscssssssencsasasssanes
11.1.4.2 Injection Phase  ......ccccmmeeencieimennsssesnenscsinnsnsnsiissencnstsnsssssssssssnsnacs
11.1.4.3 Recirculation Phase ......cc.ccceencninernnnsserinneeccssnsscscssssnsessccsscsneans
11.1.5 SUIMDATY ceerecereerereenerseemssssisesistssssmsmssssasssssnsesssssesssnssssssssssssssisssssssssnssssanassasssssas
LIST OF TABLES
11.1-1 Refueling Water TAnK  .....cccriemveemienisnecinssessscsnsscsmsuesnstensnsssneesssnsnssssssnossscsacass
11.1-2 High Pressure Safety Injection PUMPS  ccvucuiimnnieninrneiennincsstsiscsnssessiscnnnens
LIST OF FIGURES

11.1-1 HPSI Flow Diagram
11.1-2 Refueling Water Tank

USNRC Technical Training Center 11.1-

Rev 1201



Combustion Engineering Technology Cross Training Course - ;
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-11.1 'HIGH PRESSURE SAFETY
o INJECTION

Learning Objectives:

1. ”State the purpose of the high pressure, safety :
. “I..recirculation mode of operation, from the con-

wtamment rec1rculat10n sump -

'mJectxon (HPSD ‘system during the followmg
’plant condmons

a. Normal operatlons
" b. Injection phase following an acc1dent

C- Rec1rculat10n phase followmg an accxdent

", 2. State the ‘purpose of the _following‘major
° 7" components:

a. Refueling water tank (RW I')

" b. Recrrculatron sump
I}

. safety mJectlon system.

g . .

4. State the system reahgnments that occur when
S a rec1rcu1atlon actuatlon 51gnal (RAS) is
received. -

-

Py

.. 11.1.1 Introduction

The purpose of the HPSI system is to" mJect ‘

B borated water into the reactor coolant system

(RCS) in_the event of a loss of coolant ‘accident *

. (LOCA). If the ‘break is small ‘and the
depressunzatron of the RCS is slow the HPSI

system is de51gned to provrde sufﬁcrent ﬂow to-

meet the ECCS desrgn critefia as stated in 10 CFR
Part 50.46. The HPSI system, will also be used

during the rec1rculatxon mode of operatron to cool
the core by supplymg “water to the core and'

_ matching decay heat b011 off.

" shown in Figure-11.1-1.

. 3.  List the start s1gnals for the high pressure ’

11.1.2 ‘System Description L

The HPSI system is aligned for operation as
. The .HPSI pumps are
normally aligned to take a suction -from the
refueling water tank (RWT) or, . during the

~

Upon actuation, the pumps start and the hlgh
pressure isolation valves open. The HPSI pumps

* discharge into the RCS, if the pressure in the RCS

is below the shutoff head of the HPSI pumps. In

" the event that the' pumps are started and the RCS
. pressure is greater than the shutoff head of the

HPSI pumps, a- minimum flow is -recirculated
back to the RWT via recirculation valves. This
minimum flowpath provides pump protection.

: The system is designed with two'(2) redundant
"pumps and flow ‘paths so-that either train will

‘perform the functron of cooling the core in the
event of aLOCA oL :
11.1. 3 Component Des'cription o

11.1.3.1 Refuehng Water Tank *

The RWT is constructed to meet the require-

-ments of a seismic category I structure or compo-

~nent and is mormally- used to fill' the:-refueling
‘canal and -transfer 'tube’for’ refueling operations.
Figure 11.1-2 shows the normal -piping and
instrumentation associated with the RWT.

-0 The RWT. is sized to contain approximately
" 420,000 gallons of water of which about 400,000

gallons " are required for ‘the availability of the
safety - injection "and containment spray. systems.
The RWT is vented to " the atmosphere through
the ‘overflow line. The vent line is sized
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for tank integrity during all thermal and pumping
transients.

The volume of water required by the safety
injection and containment spray systems is
approximately 400,000 : gallons. This provides
sufficient water so that the engineered safety
features pumps can take. a-suction from the RWT
for a minimum of 36 minutes after initiation of the
emergency core cooling systems and provides
adequate water for long-term recirculation. This
sizing requirement is based upon all the following
pumps operating and injecting into the RCS or the
containment: three (3) high pressure safety
injection pumps, two (2) low pressure safety
injection pumps, and two (2) containment spray
pumps. -

The water-in the-RWT is, maintained at a
boron concentration between 2300 and 2700 ppm.
Since the RWT contains boric acid, there is a
minimum temperature specification of 40°F to
prevent boron precipitation. Proper boron
concentration in the RWT-is maintained by the
chemical and volume control system (CVCS). A
connection from the'RWT-to the CVCS is pro-
vided to supply RWT water to the suction of the
charging pumps when the volume control tank
(VCT) .reaches a low-low level set point. This
connection can also. be used-to allow borated
make-up water to be supplled to the RWT from
the CVCS.

The RWT has two outlet lines which supply
borated water to the HPSI pumps, LPSI pumps,
and containment spray pumps. These two outlet
lines are physically separated to minimize the
possibility of simultaneous pfugging. _Each outlet
has a protective screen such that any particle size
passed can also be passed by all components in
the systems using this water. In addition, each
RWT outlet line has a motor operated isolation

valve which is controlled by hand switches
located in the control room. Each hand switch has
an open and shut position indication, in addition
to a shut position annunciator.

The RWT has instrumentation which provides
indication of RWT level and temperature. RWT
level provides inputs to the engineered safety
features actuation system (ESFAS) for the
recirculation actuation signal (RAS). When two
(2) of the four (4) level switches sense a low level
(30 inches) in the RWT, a RAS is generated by
the ESFAS. RWT temperature indication is
provided by two redundant temperature elements.
Each temperature channel provides a high/low
(95°F / 55°F) alarm signal.

A refuelmg water heat exchanger and circulat-
ing pump are used to maintain the RWT contents
above the minimum temperature. The plant
heating system supphes hot water to the refueling
water heat exchanger ‘which will prowde the
necessary heat source for the RWT. The circulat-
ing pump takes a suction on the RWT and
discharges RWT water through the heat exchanger
and back to the RWT.

The RWT has a drain line and an overflow
line which combine and send RWT water to the
miscellaneous waste receiver ‘tank. Two other
lines allow the RWT contents to be transferred to
and from_the spent fuel pool and the ‘refueling
pool via the spent fuel pool cooling and purifica-
tion system. Additional technical data for the
RWT is presented in Table 11.1-1. l

High Pressui‘e Safety
. Injection Pumps

11.1.3.2

The HPSI pumps are located in the auxiliary
building. Each pump is a 100 percent capacity
pump. One pump and its associated four (4) high
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pI'CSSllI'C l[l_]eCllOIl valves receives power from one °

(1) of the two (2) emergency diesel generators, the '
_other pump and its associatéd injection valves
receivés power from the ‘other diesel’ generator
This ensures the automatic operatron of one 0OE
full capacrty train in- the unlikely event of- -
srmultaneous accrdent ‘loss of ‘offsite power, and:

the fallure of an emergency diesel generator to -

s
L f

start.

The HPSI pumps can be started or stopped
from the control room as long as a safety injection”
“actuation signal (SIAS) is not present. The "

" starting "of the pumps by a SIAS signal is gov-

erned by the avallabrhty of 'the: offsite power
sources.

If offsite power is available (normal power :
"~ mechanical seal at each end of the shaft. The seals

R

supply breaker to the ESF bus closed), the pumps

will start immediately. If offsite power is not-
available, the HPSI pumps will start 25 seconds
- (time" delay)’ after the -'diesel” generator output
" breaker closés and ‘supplies power to the ESF bus.
~The last possrble situation is to have offsite power

at the‘begmmng of the-accident and to lose the

power source some perrod of time later.

- Upon receipt of a SIAS HPSI pumps’11 and -

13 would start from their respective offsite power
source. The loss of offsite power would actuate
the load shed ciréuitry, and the pumps would stop. *
“"When the diesel generator starts to supply power
to the ESF bus, the load shed signal is cleared,
-and the purips will then restart after satisfying a
time delay. "

HPSI pump 13 was originally intended as an
installed "spare and was- normally aligned as an
"A" train pump. This pump can receive power
from either the "A" or "B" train vital power. Its
+ power supply is selected to the train to which the
pump is aligned. Cross ‘connecting power from

two different trains is prevented by.a key interlock
breaker arrangement for this pump. . This pump

" also received ‘an automatic start signal from either

“SIAS train. The SIAS start signal to the 13 HPSI
-pump was controlled by the power supply source
"“and the status of the other HPSI pump that shares
the ESF bus :

The present alignment is with HPSI pump 11
. powered from the 11 4kV vital bus .and HPSI
pump 13 'selected to the 14 4kV vital bus. Both
pumps receive -a-start signal on an'SIAS. The 12
HPSI pump does not receive a start signal on an

~ SIAS. This alignment does not- provide -for a

"swing" pump capability.
" Each HPSI pump is a multiple stage centrifu-
gal pump. -The ‘pumps are' provided .with a

"are designed for. operation with temperature in

excess of :300°F, but are cooled-to increase -seal
life and" reduce maintenance. - Seal " cooling is
accomplished by circulating a portion of the water
from the first stage through a centrifugal separator

- and a cooler, then flushing the cooled water into
""" _the seal cavity. - Leak off connections, both vent

" -and drain, are provided between the mechanical

- the seal cartridge.
.drains ‘ associated with the seal cartridge, dual

seal and the backup shaft packing which is part of
In -addition to‘the vent and

- _casing vents and drains are installed on each pump
to permit flushing-to reduce radiation levels
during maintenance operations.

The stuffing box- jackets:and two bearing
housings on each HPSI pump are directly cooled
by component cooling water (CCW). In addition,
the CCW flows through the pump cooler to

- transfer heat from the seal coohng water described

** above.

The HPSI pumps each have a design capacity
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of 345 gpm and a maximum flow capability of
640 gpm with a minimum allowable flow of 30
gpm. Each pump is driven through a coupling by
a 400 hp, 4000 Vac induction motor. The motor is
capable of accelerating the pump to full speed in 8
seconds .with 75% of the name plate voltage
applied. HPSI pump 11 receives class 1E power
from 4.16 kV unit bus 11 and pump 12 receives
class 1E power from 4.16 kV unit bus 14. HPSI
pump 13 can receive power from either bus 11 or

bus 14 (normally lined up to bus 14) through the .
use of disconnect switches controlled by key .

operated handswitches. Redundant power sources
provide maximum reliability for pump operation.

Each pump hand switch has four (4) positions
(stop / auto / start / pull-to-lock). The start and
stop positions allow manual control of the pumps,
while the auto position aligns: the pump for
automatic operation. The pull-to-lock (PTL)
position removes the pump from service by
preventing pump start signals from being pro-
cessed.

The number 11 and 13 HPSI pumps will start
automatically upon receipt of a SIAS (in AUTO).
An improper breaker lineup alarm actuates when a
pump has its breakers and- disconnects in any
combination other than a breaker racked in with
its associated disconnect shut. Each HPSI pump
has a "SIAS blocked auto start alarm which
actuates when one of the following conditions
exists:

1. Pump hand switch in PTL
2. Pump breaker racked out
3. Pump breaker not shut within one (1) second

after receiving a SIAS or hand switch start
signal

The HPSI pumps will be used not only during
the injection phase of the LOCA but also during
the recirculation mode. The HPSI pumps are sized

to ensure at the start of the recirculation mode one

(1) HPSI pump alone has sufficient capacity to
keep the core covered, assuming 25% flow
spillage, and match the boil off from core decay
heat. If recirculation is initiated 36 minutes after a
LOCA, the safety injection flow required to match
core boil off is approximately 410 gpm. One

HPSI pump.with 25% spillage injects 450 gpm

into the RCS when RCS pressure is at its
maximum containment pressure. Thus flow from
one HPSI pump is sufficient to prevent core
damage at this time. Additional HPSI data is
presented in Table 11.1-2.

11.1.3.3 . Minimum Flow Recirculation
. Valves

The HPSI pumps are provided with mif;jmum
flow protection to. prevent damage to the pumps
which could result from operation agains_tva closed
discharge. . The HPSI pumps are. designed to
operate with a. minimum recirculation flow rate of
30 gpm without suffering damage. The punips are
also protected from run-out damage by system
valve adjustments and/or orifice sizing
downstream of the pumps.

The minimum flow recirculation valves are
normally open and will automatically close upon
receipt of a RAS. These valves close to prevent
the recirculation of potentially radioactive
material from the containment sump to the RWT
which is outside the containment.

11.1.3.4 High Pressure Isolation
Valves

There are four (4) high pressure isolation
valves on each train of the high pressure injection
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system. Train "A" isolation valves, on the dis-

. charge of the 11 HPSI pump, receives vital power ’
" “from the Train "A" vital electrical ‘distribution
network, and the valves on Train “B", on the -~
. ,dlscharge of the 13- HPSI pump, receive their
. power from Trauri "B" vital electrical dlstnbutxon
] “fThese valves are normally closed and receive an
" open signal from the SIAS. All the high pressure

isolation valves have lockmg control switches and

“position indicators in the control room, -which

allows the operator to change the position of these

. va]ves 1f needed

-11 1 3 5 Safety Injectron Actuation

4

Slgnal (SIAS)

R

e The SIAS_is use(} 'to autornatically actuate the
. .HPSI system. The SIAS is actuated by either of
-. .. the following signals:

1. Low pressurizer pressure, or
2. High containment pressure

" The low pressur}zer pressure SIAS is a two )

out of four (4) signal set at 1740 psia at normal
When pressurizer
. . pressure decreases to 1785 psra the operator may:

- manually, block the low pressure SIAS. When
s _plant pressure is ‘being mcreased and pressunzer: '
. pressure exceeds 1785 psig the set pomt will -
_. automatically be reinstated. "

plant operating conditions.

[

The RAS is used to automatically change the
safety injection systems from the injection mode
of operation to the recirculation mode of opera-

‘tion. When the RWT reaches a low level (30
“inches), the RAS will be generated. This signal is
‘a two (2) out of four (4) logic and once received

will ‘automatically stop the LPSI-pumps .and
transfer the suction of the HPSI pumps ‘from the
RWT to the containment sump. This signal will
also close the minimum flow recirculation valves.

-

11.14 System Operation
11.1.4.1 Normal Operation

During normal plant operation, ‘the’ HPSI

‘system is maintained in a standby mode with all

of its-components lined ‘up‘for emergency injec-
tion (Fxgure 11.1-1). Durmg this time none of the

; system components are operating. This  : system
does provide the méans to adjust the level in the

safety mjecnon tanks (SITs)

11.14 2 Injectlon Phase

If a leak in-the RCS is small enough so that
one chargmg pump can maintain reactor coolant

"hpressure, an SIAS is not generated and the use of
“the sa.fety injection systems is -not required.

However, if the break is large enough to cause the
pressure in the RCS to decrease below 1740 psia,

‘then’an SIAS is initiated. Large ruptures up to

- “and including the double:ended rupture of the

The ‘Thigh contamment pressure SIAS is a two

! (2) out of four (4) srgnal and is set at 2 8 psig. In

addition to startmg "the safety mjectlon systems
this signal also generates a containment isolation
and starts the containment cooling systems.

.+ 11.1.3.6 , Recirculation Actuation

, Signal (RAS)

largest pipe in the RCS are dealt with by the high

‘and'low pressure safety mjectlon pumps and the

safety injection tanks.

If standby power (offsite power) is not
avarlable following ‘a 'SIAS the plant emergency
dlesel generators ‘will automatically start and all

- loads on the engineered safety features buses will

be tnpped Once the diesel generator is up to
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speed and voltage, its corresponding output
breaker is closed and the loads will be sequenced
onto the bus. The loads are sequenced on in a
prescribed order to prevent overloading the diesel
generators. The loading sequence is as follows:

1. Two (2) low pressure injection valves and four
(4) high pressure injection valves open,

2. One (1) high pressure safety inj‘ection pump is
started and

3. A low pressure safety injection pump is
started.

Two (2) separate suction headers supply the
three HPSI pumps with water from the RWT
through two suction lines each having a motor-
operated isolation valve. These valves are nor-
mally open to line up RWT water to the HPSI
pumps for the injection mode of operatmn Once
the recirculation mode begins, the two RWT
isolation valves must be shut by the operator.

HPSI pumps 11 and 12 are lined up to take a
suction on one RWT header, while pump 13 is
lined up to take suction on the other RWT header.
The three (3) HPSI pumps- discharge through
check valves to a common discharge header. In
this discharge header there are-two (2) motor-

-operated isolation ,valves controlled by key

-~

operated hand switches. As indicated on Figure
11.1-1, MOV-653 is' normally shut and MOV-655
is' normally open. Control of these valves allow
realignment during normal operations or in the
event of a casualty to the main or auxiliary
discharge headers.

Each HPSI header has a ,motor-operated
isolation valve (MOV-654 and MOV-656) which
are controlled by key operated hand switches.
Both valves receive an open signal when a SIAS

is generated by the ESFAS.

Downstream of each header isolation valve is
a pressure transmitter to provide pressure indica-
tion to the operator. A system relief valve in each
header prov1des over pressure protection duc toa
possible sudden increase in temperature. After
the relief valve, the auxiliary header has a con-
nection to the discharge of the chargmg pumps in
the CVCS. This connection provides an alternate
charging path to the RCS.

After the header relief valve, each header
(main and auxxhary) splits into four (4) parallel
lines. Each HPSI line has a motor-operated
isolation valve controlled by a hand switch. All
the isolation valves are normally shut, and open
automatmally upon receipt of a SIAS The valves
can be positioned to throttle HPSI flow. A pcrcent
valve position indicator is provided next to each
hand switch. Each of the main HPSI lines then
joins a respecnve auxiliary HPSI line fonmng a
common HPSI line. The common HPSI lines
passes through a check valve and a flow element
prior to combining with a respective LPSI line
and SIT to form one (1) of four (4) injection paths
into the RCS.

The safety injection systems wxll inject water
into the RCS via the penetrations on the’ four (4)
cold legs. The size ‘of the break will determine
how long the water in the refueling water tank
will last. For the large break LOCA , the level
will decrease to the low level alarm set point at
which time the RAS will automatically shift the
safety injection systems from the injection phase
to the recirculation phase.

11.1.4.3 Recirculation Phase

When Fthe water in the RWT reaches a low
level (6 percent) the RAS is initiated. The RAS
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opens the containment sump isolation valves,
stops the low pressure safety injection pumps, and
closes the minimum flow recirculation valves.
The HPSI pumps continue to operate during this
switch over. The safety injection systems are now
aligned for the recirculation phase. Once initiated,
recirculation continues until terminated or
modified by operator action.

A recirculation line is provided from the outlet
of each shutdown cooling heat exchanger to the
HPSI pump suction. Heat exchanger 11 connects
to HPSI pump 11 and 12 and heat exchanger 12
connects to HPSI 13. Each recirculation line has a
motor-operated isolation valve controlled by a
hand switch. These two (2) isolation valves are
normally shut. They are opened by the operator if
HPSI pump cavitation occurs during the
recirculation mode of operation. Recirculation of
the cooler containment spray water from the heat
exchanger outlet maintains the HPSI pump’s
suction sufficiently subcooled to prevent
cavitation.

During long term core cooling following a
LOCA, if the reactor coolant is not sub-cooled it
will boil off as steam. The boiling process
concentrates the boric acid and other solution
additives in the core. For a hot leg break, safety
injection flow via the cold leg travels down the
annulus , through the core, and out the break. A
flushing path is established through the reactor
vessel, precluding the build-up of solids in the
core region.

However, for a cold leg break, only that
amount of injected water required for decay heat
removal is delivered to the core; the remainder
spills out the break. Due to the RCS geometry,
there is minimal flushing flow through the core
for a cold leg break, and boric acid concentration
may increase along the core surfaces.

To preverit the restriction of core flow due to
boron crystallization, the safety injection system
is lined up during long term core cooling to
establish a circulation flow path which adequately
flushes the core.

Two safety injection lineups can be used to
establish a core flush. The preferred lineup is
called pressurizer injection. The four (4) auxiliary
HPSI line isolation valves are shut and the HPSI
pump discharge is directed to the CVCS through
the cross-connect from the HPSI auxiliary header.
The charging loop isolation valves are closed,
then the auxiliary spray valve is opened. Flow is
from the auxiliary header to the CVCS and into
the pressurizer through the auxiliary spray line,
and then into the core via the hot leg.

11.1.5 Summary

The HPSI system is designed to supply water
from the RWT to the RCS to provide core cooling
for all size breaks up to and including the double
ended rupture of the largest piping in the RCS.
Redundancy is built into the HPSI system by
incorporating three (3) 100 percent capacity
pumps and two (2) separate trains of injection.
During long term cooling of the core (recircula-
tion mode), heat is removed by returning water
from the containment sump via the HPSI system
to the core, and allowing the core to boil off this
liquid.
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' Combustion Engineering fechnology Cross Training Course °

. ' ‘High Pressure Safety Injection

TABLE 11.1-1 R
REFUELING WATER TANK
Quantity 1 per unit
‘Type Vertical cy.li;lder, }
Total volume' 420,000 gallons -
Minimum water volume 400,000 ga]ldns
Design pressure Atmospﬁericﬁ N
Design temperature 0°F “ .
Contained liquid : Borated wafer :_ * .
Liquid temperature Ambient (4’03;@_ 100°F)
Material Type 304 stainless steel
Seismic requirément ClassI - - .
USNRb ;c;chr;i;al Tm;n{ng Cente;' - 11.1-9 _ Rev 0702
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TABLE 11.1-2
HIGH PRESSURE SAFETY INJECTION PUMPS
Quantity 3 per unit
Manufacturer: Bingham
Type 7-stage, horizontal, centrifugal
Material Stainless steel
Design flow rate 345 gpm
Design head 2500 ft.
Maximum flow rate 640 gpm
Head at max, flow rate 1360 ft.
Minimum allowable flow rate 30 gpm
Shutoff head 2930 ft.
NPSH available, minimum 28 ft.
NPSH required for 640 gpm 20 ft.
Design temperature 350°F
Design pressure 250 psig, suction
1750 psig, discharge
MOTOR
Quantity 3 per unit
Manufacturer General Electric Co.
Horsepower 400 hp
RPM, full load 3560 rpm
Voltage rating 4000 V, 3 phase, 60 Hz.

USNRC Technical Training Center 11.1-10
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